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CARBIDE ano CARBON 
CHEMICALS COMPANY 


A Division of 
Union Carbide and Carbon Corporation 


30 East 420d Street New York 17, ¥. 


COLUMBIA 


a copy: 


with COLUMBIA Activated Carbon 


Trade-Mork 


\ modern solvent recovery plant for The Garlock Packing 
Company, Palmyra, New York, using Activated 
Carbon as the adsorbent. collects about 1.000 pounds of 
gasoline vapor per hour from the air and delivers it ready for 
re-use. The gasoline is vaporized during the manufacture of 
ashestos sheet packing and is recovered at lower cost and 
higher eflicieney than is possible with any other commercial 
method, Operating records for a LO0-month period since the 
plant started show an overall recovery efficieney of 95.9 per 
cent. In addition to the profitable recovery of gasoline, this 
installation also: 


@ improves the working conditions in the plant, 

@ helps reduce the hazards of handling gasoline vapors. 

@ avoids the discharge of large volumes of solvent- 
laden air into the atmosphere. 


‘The special features of Carsipe’s automatic equipment and 
the high adsorptive capacity of Cotompia Activated Carbon 
make such performance possible for Garlock Packing. 


If you vaporize solvents in your process, let Carsipe help vou 
conserve valuable solvents, improve processing conditions. and 
clean up exhaust air. We can supply you with a complete, auto- 
matic, instrument-controlled plant designed for vour speethe 
requirements with guaranteed operating efficiency to recover 
solvent vapors or purify industrial gases, 


“Columbia” sa registered trade-mark of Union Carbide and Carbon Corporation 
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How To Pack The Same ' 
‘Amount of Material in . 
Smaller Containers! ; 


VIBROX PACKERS 


May Save YOU a Lot of 
Money too! 


The vibrating and rocking motion 
of the sturdy VIBROX packs dry, 
powdered, granulated or flaked ma- 
terials quickly and efficiently, mak- 
ing possible the use of smaller, less 
costly containers! VIBROX also 
cuts packing time; reducing labor 
costs by as much as one-third. Find 
out exactly what VIBROX can do 
for you. Write for full details NOW! 


No. 41 VIBROX— 

packs 100 to 750 Ibs. 

Other models pack 5 
to 75 Ibs. 


TEAR OUT—PASTE ON LETTER- 
HEAD AND MAIL TODAY! ! 


8. F. GUMP 
1311 So. Cicero Ave., Chicago 50, til. 


GUMP.Built Equipment indicated below: 
BAR-NUN SIFTERS—grade, scalp or sift 
dry materials. 


DRAVER FEEDERS—accurate volume per- 1 

centage feeding. 

DRAVER Continuous Mixing Systems— | 
accurate, efficient mixing. 

VIBROX PACKERS—pock dry materials | 
in bags, drums, borrels. 

WEIGHERS — avtomatic weights 
range from 3 oz. to 75 Ibs. 


F. Gump Co. 


1311 soutH Cicero ave, | 
UMP CHICAGO 50, ILLINOIS | 
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A compact vacuum coating system mode by Distillation Products fedwytries. in such 

of the items costed 

micro-thin film ef metal for their sye-eppec! end vtility, Kinney High Vacuum Pumps 

are used for speedy evuryation of the voporixing chomber end for backing diffusion BETTER 
pumps during the metellizing operation. Note the Kinney Pumps ix foreground. 
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LOOK INTO THE WONDER vest OF VACUUM! 


® i 


Even though nature abhors a vacuum, indus- 
try goes for it in a big way! Vacuum processing 
is the big wonder worker in industry today, and 


it’s easy to see why. 


Greater product durability, improved appearance, 
better taste, more efficient operation, more economical 
production — these are the kind of improvements you 
can expect when low absolute pressures go to work. In 
other words, vacuum processing is the way to make old 
things better . . . and to make new things possible. 


KINNEY High Vacuum Pumps are playing a vital 
part in this work. In fact, more vacuum processes depend 
on Kinney High Vacuum Pumps than on any other make 
or style of pump. If you are planning to use vacuum in 
your processes, consider the Kinney Pump Line and what 
it can do for you. 


The Kinney Pump Line is the BIG LINE of vacuum 
pumps. Kinney offers you a choice of thirteen indi- 
vidual models ranging in free air displacements from 
2 to 1600 cu. ft. per min. 


» The Kinney Pump Line offers you two basic pump 

designs for direct pumping and for efficient backing 
of diffusion or ejector pumps: compound pumps for 
pressures to 0.2 micron or better, single stage pumps 
for pressures to 10 microns or better. 


» The Kinney Pump Line includes two types of dis- 

charge valves: feather valves for fine work requir- 
ing lowest ultimate pressures; stainless steel poppet 
valves for rugged jobs, for heavy fluctuations in 
pressure, for work involving considerable vapor or 
condensate. 


HOW-TO MAKE 


The Kinney Line comprises the widest selection of 
heated and unheated oil separators; vacuum tight 
valves in several different metals, styles, and sizes; 
and vacuum dried Super-X Oil of very low vapor 
pressure. 


The Kinney Line is backed by engineers well versed 
in all phases of vacuum processing: in the metal- 
lurgical, pharmaceutical, chemical, and electronics 
fields . . . in food dehydration, fumigation, and 
packaging . . . in vacuum distillation, coating, and 
exhausting. 


For a look into the wonder world of vacuum, send in 
the coupon today. 


KINNEY MANUFACTURING COMPANY, Boston 
30, Mass. Representatives in New York, Chicago, Cleve- 
land, Houston, New Orleans, Philadelphia, Los Angeles, 
San Francisco, Seattle. 


Foreign Representatives: General Engineering Co., 
\td., Radcliffe, Lancs., England * Horrocks, Roxburgh 
Pty., Ltd., Melbourne, C.I. Australia * W. S$. Thomas & 
Taylor Pty., Ltd., Johannesburg, South Africa * Novelec- 
tric, Ltd., Zurich, Switzerland * C.I.R.E. 

Piazza Cavour 25, Rome, Italy. 


KINNEY MANUFACTURING COMPANY 
3546 Washington St., Boston 30, Mass. 
Gentlemen: Please send illustrated Bulletin V-51B. We are interested in: 


Vacuum exhausting 
Vacuum distillation 


Vacuum coating 
Vacuum dehydration 


NEW THINGS 


Vacuum metallurgy i 


Company 
Address 
City Stote 
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Can Pressure 
This Service Record 


n steam supply line to cooking kettle, Schoenling 
rewing Company, Cincinnati. 


VALVE SERVICE RATINGS 
SERVICE LIFE: 


- 24 house pov 


MAINTENANCE COST: 


Fare nly. 


SPECIAL FEATURES: 


SUITABILITY: 


PRICE: 


| OPERATING RESULTS: 


THE HISTORY 


for this installation called for a regu- 
ator to reduce main line steam supply at 100 psi 
t© 30 psi, and automatically maintain the reduced 
Pressure to cooker, 24 hours daily, without signifi- 
cant fluctuation. 

A Crane Pressure Regulator with factory pre-set 
range was selected and properly installed with ade- 
quate, automatic drainage of the steam lines. 

For 16 years, throughout its lifetime, the Crane 
Pressure Regulator did its job to the brewery’s com- 
plete satisfaction. Never was it out of service; never 
did it require more than the simple prescribed peri- 
odic inspection. (Note: current model has renewable 
wearing parts; will virtually never wear out.) 


The Complete Crane Line Meets All Valve Needs. That’s Why 


AVAILABILITY: 
Lunt. 


THE VALVE 


Crane No. 960 Brass Pressure Regulators are made for 
reducing steam or air pressures up to 250 pounds, to 
within 80% of inlet pressure. They are factory pre-set 
to operate within any of 4 ranges from 1 to 200 pounds, 
with easily selected outlet pressure within set range. 
Precision made, they are fully automatic, highly depend- 
able, even under reasonable fluctuation of inlet pressure. 
All wearing parts renewable. See your Crane Catalog 
or Crane Representative for complete data. 


More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 


Branches and Wholesalers Serving All Industrial Areas 
PLUMBING 


VALVES + FITTINGS + PIPE + 
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IMPORTANT ANNOUNCEMENT! FACTORY CAPACITY HAS 
BEEN DOUBLED! DELIVERIES ARE GETTING MUCH BETTER! 


HAVEG 1s not a tank lining or coating. It 1s a solid, molded 
non-metallic material that the HAVEG CORPORATION fabricates 
to your specifications in its Marshallton, Delaware plant. Large size 
equipment can be molded in single pieces without seams or joints 
at low cost. Tanks can be made in one seamless piece as large as 10 
feet in diameter by 12 feet in depth. HAVEG resists the corrosion 
effects of practically all acids, bases, and salts. 


From TOPS Where tanks are vented to the a 


atmosphere, four types of covers may be obtained. HAVEG 
can be machined and repaired readily so that pipe connec- 
tions, manholes, changes to the system present no problem 
to the installation and maintenance crew. 


HAVEG cytinpricat TANKS 
CUT COSTS . . . RESIST CORROSION 


Here are tanks with amazing long life, through and through 
resistance to corrosion! HAVEG cylindrical tanks have been 
successfully used for storage, pressure, pickling, and separ- 
ating tanks, dye vats, crystallizers, surge tanks and stills. Con- 
sult your nearest HAVEG engineer now for technical advice, 
delivery, and price information. Specify HAVEG corrosion 
resistant equipment . . . tanks, towers, pipes, valves. 


To BOTTOMS 


Get the best bortom for the process with molded HAVEG. 
Sloping bottom tanks can be provided with outlets at any 
location. For more complete drainage, dished bottom tanks 
are available and when suspended solids are present, cone 
bottom tanks can be 


HAVEG CORPORATION 
~ 
page, illustrated, technical bulletin on : NEWARK 99, DELAWARE a. 
HAVEG corrosion resistant equip- FACTORY + MARSHALLTON, DELAWARE « TEL. wamperon 

ment. This Bulletin F-6 has chemical DETROIT 35 

resistance tables for various HAVEG 

grades, tank sizes, installation and 
machining information. If you have HARTFORD 5 
a corrosion problem, HAVEG can 


help you. Write Now! 
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THE PURITY AND CORROSION RESISTANCE OF 
SOLID PORCELAIN... THE OPERATING SECURITY 
OF FIBERGLASS-REINFORCED PLASTIC ARMOR 


UFCLAD 


or problems involving severe corrosion or freedom 
rom metallic contamination, the chemical processing 
dustry has found no more effective—or economical 
material than Lapp Chemical Porcelain. Now this 
me solid porcelain material is available with TUF- 
LAD, a new tough armor which greatly adds to 
perating security— protection of personnel and equip- 
ent—certainty of avoiding product loss. 
TUFCLAD is woven Fiberglass fabric, impregnated 
d bonded in multiple layers to the porcelain body 
With a special modified phenolic resin of high strength 
and chemical and heat resistance. Armor is tightly 
knit to porcelain and runs end-to-end, under flanges. 
In operation, TUFCLAD provides a cushion to pro- 
tect porcelain against accidental damage in handling 
or operation—and an insulator against thermal shock. 


But most important, the TUFCLAD shell is of itself 
homogeneous and fough—fully able to hold operating 
pressures against gross leakage even though porcelain 
is cracked or broken. Although some telltale leakage 
may ensue and the plastic shell be gradually pene- 
trated, the system can be kept under temporary control 
and major damage prevented. 

You can achieve the purity and freedom from corro- 
sion in processing with solid Lapp porcelain—to- 
gether with operating security—with Lapp TUFCLAD 
Porcelain. Write for description and specifications of 
Lapp TUFCLAD-armored Porcelain valves, plug 
cocks, safety valves, flush valves, pipe, fittings and spe- 
cial shapes. Lapp Insulator Co., Inc., Process Equip- 
ment Division, 503 Maple Street, Le Roy, N. Y. 


Lap 


PROCESS EQUIPMENT 


(CHEMICAL PORCELAIN VALVES + PIPE RASCHIG RINGS 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 
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SPRING SEATING 
WASHER 


PORCELAIN 
FOLLOWER RING 


TEFLON GUIDE RING 


LONG PORCELAIN 
FOLLOWER RING 


WEDGE-RING PACKING 
(SOLID TEFLON) 


This is only one type of packing 
for the Lapp Valve. Also avail- 
able are standard Braided Blue 
African Asbestos, and Teflon- 
treated Asbestos Braid—both 
with or without weep holes. 


SEATING 
HANDLE 


PORCELAIN CENTERING 
RING 


TUFCLAD 
FIBERGLASS -REINFORCED 
PLASTIC ARMOR 


LAPPED SEAT 


SOLID PORCELAIN 
BODY 
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CONVEYING 
yslems 


Prove Superior for Handling 
WATER TREATMENT CHEMICALS 


When the handling of hygroscopic materials must be accomplished with- 
out absorption of moisture, even during periods of high humidity —when 
materials must be moved without spillage and without contamination 
... that’s when S-A engineers and equipment prove outstandingly supe- 
rior! .. . Regardless of your particular materials handling problem, S-A 
engineers draw upon more than half a century of specialized experience — 
have at their command a complete line of bulk materials handling equip- 
ment. Write for complete information . . . no obligation. 


REDLER Conveyor with totally-en as 
psed casing receives water treatment RAIL MOUNT D 


micals from a lrack hopper —conveys 


m 62 feet lo the loop-beot feed section 


a REDLER Elevator Conveyor which EIGH’ LARRY 


ts them feet to a 54 foot long hori 

wal run over three storage bins. Mate 
is are reclaimed by an S-A Weigh 

Wry operating under the bins 


DLER Conveyor-Elevators 
PPER Conveyor-Elevators 


Bucket Elevators 

Pan Conveyors 

Belt, Pan & Plate Feeders 
Circular Bin Dischargers 
Centrifugal Loaders & Pilers 
Vibrating Screen 

TELLEVEL Bin Level Controls 
Ship Loaders & Unloaders 
Crushers, Roll & Ring Type 
Storage & Reclaiming Systems 
Bin Gates, All Types 


SEALMASTER Ball Bearing 
Units 


Write for Bulletins on any of 
the above 


57 Ridgeway Avenue, Aurora, Illinois tos Angeles, Calif., Belleville, Ontario 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 
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Plunger 7 
Working Barrel 


Aldrich engineers eliminated two right-angle turns in 
the fluid-end. Now, liquid passes from suction to dis- 
charge manifold in a straight line. That gave the Direct 
Flow Pump its name, and set up a whole new concept 
of pumps, pumping, and pump maintenance. It all adds 
up as follows: 


C) Increased operating speeds—you get whatever 
volume and pressure you need from a smaller, lighter, 
more compact pump. 

() Sectionalized construction—parts can be replaced at 
a fraction of the cost of a new fluid-end; also, parts can 
be made of stainless, bronze, Monel or other special 
materials—extremely important for corrosive fluid 
service. 


C) Maintenance made easier—no more tapered bores 
in the working barrel. Manifolds are not taken off but 


THE 


20 GORDON STREET * 


Vol. 48, No. 5 


ALLENTOWN, 


Representatives: P. H. Arden, P. 0. Box 185, Glenview, ili. « Bushnell Controls & Equipment Co., 3929 W. Jefferson Bivd.. Los Angeles 16, Calif. «1. T. Gibbs, 509 Petroleum Bidg., Tulsa 3, 
Okla. ¢ R. B. Moore Supply Co., Inc., Bolivar, N.Y. © Power Specialty Co., 2000 Kipling St.. Houston 6, Texas © Reeves & Skinner Machinery Co., 2211 Olive St., St. Lowis 3, Me. 
Stearns-Roger Manufacturing Co., 1720 California St., Denver 2, Colo. « Export Sales: Petroleum Machinery Corp., 30 Rockefeller Plaza, New York 20, N.Y. « Birmingham ¢ Boston 
Buffalo Cincinnati Cleveland « Detroit « Duluth Jacksonville Omaha Philadelphia Pittsburgh Portland, Ore. Richmond, Va. San Francisco « Seattle « Spokane, Wash. « Syracuse 
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Valve Spring Valve Spring \ O 


Retainer 


We 


slide out on studs—affording room to /i/t out valves as 
complete units. Packing is easily renewed—note acces- 
sibility of stuffing boxes. 


0 Interchangeable wearing parts—available among 3, 
5, 7 and 9 plunger pumps of same stroke size. This 
minimizes spare parts costs and inventories. 


oO Changeable plunger sizes—in many cases it is only 
necessary to add new plungers, glands, throat bushings 
and packing to the same fluid-end. 


CL) Drive direct—by connection to synchronous engine 
type motor or internal combustion engine; also with 
integral speed reducer or V-belts. 


Contact your Aldrich Representative . . . or write to 


us direct for complete details on 3”, 5” or 6” stroke 
units. 


PUMP COMPANY | of the 


PENNSYLVANIA | Sump 
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Three of the many types of fin section available. 


TRANE Brazed Aluminum Heat Exchangers Offer Wide 


Choice of Heat Transfer Surfaces for Greater Design Flexibility 


With Trane Brazed Aluminum Heat Exchangers, 
you choose from a great variety of surfaces in solving 
exactly your heat transfer problems. They may be 
straight and continuous (A). They may be serrated 
(B). Or they can be of herringbone design (C). With 
these basic designs, exactly the right surface can be 
selected to provide the correct ratio of heat transfer 
to pressure drop characteristics. 

Many further variations of these general types 
are practical. The height and the thickness of the fin 
can be varied. So can the number of fins per inch. In 
fact, fins with entirely different patterns, heights and 
number of corrugations per inch can be used side-by- 
side to handle different fluids in the same exchanger. 

Thanks to this great flexibility you can provide 


just the heat transfer, just the pressure drop volume, 
velocity number and direction of passes you want 
with Trane Brazed Aluminum Heat Exchangers. 

Design flexibility is but one of the many advan- 
tages of Trane Brazed Aluminum Heat Exchangers. 
Compared to conventional exchangers, they produce 
more heat transfer efficiency in !; the space with 14 
the weight at approximately '4 the cost. 

These all-aluminum heat exchangers are rugged, 
too. They take test pressures up to 1,000 pounds per 
square inch and temperatures from -—300° to 500° F. 

Whether the job calls for high or low tempera- 
tures or pressures, one stream or many, Trane Brazed 
Aluminum Heat Exchangers can be the answer. 
Contact your Trane sales office or write direct. 


TRANE 


MANUFACTURING ENGINEERS 
OF HEATING, VENTILATING AND 
AIR CONDITIONING EQUIPMENT 


THE TRANE COMPANY, LA CROSSE, WIS. 
Eastern Mfg. Division . . . Scranton, Pennsytvonia 


Trane Company of Canada, itd... . 
Here are a few of the many varieties of Trane 


zed Aluminum Heat Exchangers which are 
Re, im actual service: 1) A cross flow unit for 
uid-to-gas exchange used for condensing 


2) A cross to-gas 
is used for intercoo ing for t 

3) A counter flow liquid-to-liquid po monn OFFICES IN 80 U. S. 
for high pressure A. tion. AND 14 CANADIAN CITIES 
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GARLOCK EXPANSION JOINTS 


STOP 


telieve stresses and strains in Piping and 


Asove: Garlock Rubber Expansion Joints in operation on 244" suction and 
discharge pipes. Ricut: Sectional view shows sturdy construction of a single 
arch expansion joint. Arrow points to one of steel reinforcing rings. 


Garlock Rubber Expansion Joints are made: 


© With single arch for normal expansion, contraction and vibration. 

e@ With multiple arch for excessive pipe expansion. 

® With filled arch for lines carrying sediment. 

© Tapered for connecting pipes of different diameters. 

e “U” type for vacuum to reduce vibration and noise on pipe lines 
conveying coal-laden air to pulverized coal burners and other types 
of light construction piping. 

e With control units for excessive elongation of unanchored pipes. 

@ With neoprene lining for lines carrying water or air with some oil 
present. 

e With neoprene lining and neoprene cover for lines carrying slight 
amount of oil and where exterior of joint is subject to oil drip or 
oil vapor. 

e With neoprene throughout for lines carrying petroleum derivatives. 

@ In all pipe sizes from 34" to 72”. 

Specify No. 204 for Pressure; No. 205 for Vacuum; 
A and No, 206 for Pressure and Vacuum. 
~ 
a 


THE GARLOCK PACKING COMPANY 
PALMYRA, NEW YORK 


In Canada: The Garlock Packing Company 
of Canada Ltd., Toronto, Ont. 


equipment 


1. Made of high-grade rubber, they 
do not crack or fracture under re- 
peated flexing. 

2. They do not take a permanent set. 

3. For pressures up to 125 p.s.i. (de- 
pending upon size of joint); and 
for vacuum of 30 in. of mercury. 


4. Suitable for operating tempera- 
tures up to 180° F. 


5. They do not corrode or erode. 
6. They are light in weight and can 
be installed in a limited space. 


7. They require no gaskets between 
the flanges of the joint and the 
flanges of the pipe. 


8. They do not induce electrolysis. 


PACKINGS, GASKETS, OIL SEALS, 
MECHANICAL SEALS, 
RUBBER EXPANSION JOINTS 
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GLC Anodes for the electrolytic industry are dependable — 


they stand the test of comparison. 


Air View— 
Morganton, 
C., Plant 


Petroleum coke. Ca ied” Perlite lightweight 
coke. In trial and products for the bui 


Diatomaceous Soe f 
and insulati g 
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ELECTRODE DIVISION NIAGARA FALLS, N. Y. 

Birmingham, Ale: 

Ap PRODUCTS OF GREAT LAKES CARBON CORPORATION 

Graphite anodes. Graphite yates 

and amorphous carbon elec- Iding, 

cialties. tries. Perlite ore, 

and Gas Division Merchant Coke Plant 

Cri de petroleum and‘natural Premium foundry and indus- 
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GIRDLER DESIGNS AND BUILDS 


new synthetic nitrogen fertilizer plant 
for Mississippi Chemical Corporation 


Mississippi Chemical Corporation 
assigned complete responsibility 
for engineering and construction of 
its new integrated plant to one 
experienced source . .. The Girdler 
Corp. Original cost was lower than 
estimates from other sources, and 
also ammonia, nitric acid, and am- 
monium nitrate are now produced 
with a lower unit energy input 
than in any other similar plant. 

The plant is a complex one, 
involving production processes for 
hydrogen, nitric acid, ammonium 
nitrate, etc. This is one of the few 


high-pressure, catalytic - process 
ammonia plants in the U. S. 
Methods for safe handling of gases 
at pressures up to 15,000 pounds per 
square inch had to be worked out. 

Girdler has broad experience in 
handling such complete “process 
packages”. . . covering design and 
construction of process plants 
involving very high operating pres- 
sures, high temperature reactions, 
and corrosive substances. 

Call on Girdler in the planning 
stages of your processing facilities 
. ». you can do so with confidence. 


the GIRDLER potion 


LOUISVILLE 1, KENTUCKY 


Gas Processes Division 


Votator Division 


Thermex Division 


PROCESS ENGINEERS + DESIGNERS AND CONSTRUCTORS + MANUFACTURERS OF CATALYSTS 


Vol. 48, No. 5 
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Synthesis gas plant 

This unit at Mississippi Chemical Corpo- 
ration manufactures high purity syn- 
thesis gas needed for the production of 
ammonia. Natural gas is the primary 
raw material. Superheated steam, used 
in the synthesis process, is produced by 
integrating steam generation with 
process functions. Thus the cost of a 
separate steam plant was saved. 


Prilling tower 


Final step in production of ammonium 
nitrate. The complete plant has various 
improvements in design and layout, and 
process combinations never before used. 
Proper coordination of countless details 
by Girdler was a major factor in low 
first cost of plant. 


Want More Information? 
Girdler’s Gas Processes Division designs and 
builds plants for the production, purification, 
or utilization of chemical process gases; 
purification of liquid or gaseous 
hydrocarbons; manufacture of 

organic compounds. Write for 

Booklet G-35. The Girdler Corpo- 

ration, Gas Processes Division, 

Louisville 1, Kentucky. District 

Offices: San Francisco, Tulsa, 

Atlanta, New York. In Canada 

Girdler Corporation of Canada 

Limited, Toronto. 
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Pfaudler Data Book 


te help you save time on 
heat exchanger calculations 


This 10-page, fact-packed manual is de- 
signed to help you solve heat exchanger 
problems. Contains all the data you need 
to work out capacity and ty pe—arranged 
im ecasy-t rile tables, curves and 
charts. Full details on Pfaudler heat 
exchangers. It's a basic working hand- 
book which no one concerned with heat 
exchange should be without. Just mail 
the handy coupon for your copy. 


THE PFAUDLER CO., ROCHESTER 3, N.Y. 


ENGINEERS AND FABRICATORS OF CORROSION RESISTANT PROCESS EQUIPMENT 4 


GLASS -LINED STEEL —Hastelloy Aluminum Tantalum * Teflon 


ANDARE 
“for audler Stain 
Steel Hout Exchangers 


Design features previously associated only with 
custom-built heat exchangers are now available at 
competitive standard cost under Pfaudler’s new 
system of flexible standards. 

For a given heat transfer area, you may select the 
most applicable combination of length and diameter. 
Further, nozzles can be of any size and in any 
position and can be either threaded or flanged. 

This flexible standards program applies to fixed tube 
sheet, single or multi-pass, tube and/or shell side 
stainless steel units in diameters up to 10”. 


RAPID DELIVERY through Production Line Methods 


Under present conditions, flexible standard units can 
be delivered in from 4 to 12 weeks after the receipt of. 
your order, always considering first our obligations 
under our country’s allocation and ratings programs. 
Fastest deliveries are obtainable in the smaller sizes 
(4%" to 6”). These rapid deliveries are possible because 
we carry a stock of tube sheets, bonnets, nozzles, tubes, 
baffles, etc., ready for assembly to your specifications. 


THE PFAUDLER CO., Dept. CEPS, Rochester 3, N. Y. 


Please send me the Pfaudler Heat Exchanger Manual 
No. 837 


Name 
Titie. 
Company 


Addresa 


| 

HEAT EXCHANGERS 

ond COND 


PRODUCT DEVELOPMENT AS A CAREER 
FOR CHEMICAL ENGINEERS 


HE profession of chemical engineering concerns 
itself primarily with the application of chemistry 
and engineering to the development of chemical proc- 
esses, to the design and operation of chemical plants, 
and to the adaptation and improvement of equipment 
for carrying out chemical processes on an industrial 
scale. Indeed, qualifications for Active membership in 
the American Institute of Chemical Engineers require 
that the applicant “shall be proficient in the application 
of principles that pertain directly to processes and 
process equipment in which matter is treated to effect 
a change in state, energy content, or composition.” 

The chemical engineering curricula in our schools 
of engineering stress process development and plant 
design to such an extent that few engineering graduates 
realize that there are fields other than the process 
industries for which their training qualifies them. 

This is written for the purpose of focusing attention 
on a field of professional activity that does not involve 
manufacture of chemicals, development of processes, o1 
design of plants, yet one that affords a highly satisfy- 
ing, remunerative career for the chemical engineer. 
This activity is variously referred to as “product devel 
opment,” “applications research,” or “technological 
adaptation of products to industrial use.” 

The marketing of pure chemicals is a relatively simple 
matter. Since such products are of known composition, 
specifications can be written that define their character- 
istics with sufficient exactness so that the purchaser 
knows just what to expect in the way of performance, 
provided the products conform to the specifications. 
Furthermore, their use is generally established and 
there is little likelihood of encountering unexpected 
and undesirable results from lot to lot, or in going 
from the product of one supplier to that of another. 
In other words, there is no extensive technology in- 
volved in utilizing the established and well-defined 
products of the chemical industry. 
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The introduction of new products, particularly those 
of indefinite composition, may be a different matter. 
Such product development may involve the creation of 
whole new technologies before commercial utilization 
can be realized. Scientific personnel qualified to carry 
on this type of investigational work must have the 
broadest kind of training, because the problems en- 
countered may range from the design and construction 
of equipment for handling, applying, or testing the 
products to physical or physicochemical studies of 
the phenomena presented. Much of the equipment for 
product development work is of a type familiar to the 
chemical engineer. Such items as autoclaves, stills, fil 
ters, dryers, presses, centrifuges, and the like, are used 
just as extensively in connection with product develop 
ment work as they are in pilot plant operation and other 
strictly chemical engineering activities. Precision instru- 
ments and all sorts of testing equipment are likewise 
employed. In addition to broad engineering training 
and familiarity with equipment, it is requisite that the 
personnel engaged in product development have a high 
level of ingenuity. Usually there are no established 
procedures. The introduction of each product or class 
of products that merits applications research generally 
involves the development of a new technology which 
means that the procedures for utilization as well as for 
evaluation must be created as the work proceeds. 

Chemists and physicists, although better trained in 
their particular specialties, nevertheless lack the broader 
training of the chemical engineer which, in addition to 
a thorough grounding in chemistry, extends from ma 
chine design to electrical engineering and from mathe 
matics to thermodynamics. Consequently, it has been 
found that chemical engineers are uniquely qualified for 
success in the field of product development and are in 
great demand for this work. 


ArntHUR K. 
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EVAPORATOR 
ENGINEERING — 


Liquids that tend to “scale up” need not push 
down your production. The Conkey forced 
circulation horizontal tube evaporator cir- 
culates large volumes of liquid at high veloc- 
ities—through submerged and flooded tubes. 
In many cases, this scrubbing action is suffi- 
cient to greatly retard coating of tubes, even 
eliminating the scaling problem entirely. 
Top production with top economies are 
assured by Conkey’s unique design. A far 
smaller heating surface is required because 


Other General American Equipment: 
Turbo-Mixers, Evaporators, 
Dewoterers, Dryers, Towers, Tanks, 


Bins, Pressure Vessels 


OFFICES IN ALL PRINCIPAL CITIES 
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Reduce scale deposits . . . Boost 


Se production with Conkey forced 


of the high heat transfer coefficients obtained 
by forced circulation. 

Whatever your special concentration 
problem may be, consult General American. 
Each installation is designed, engineered and 
built to fit your specific needs. Evaporators 
are built in a wide range of weldable metals. 
When required, special metals to resist cor- 
rosion, erosion and contamination can be 
furnished. Get technical bulletin on evapo- 
rators for your files. 


Process Equipment Division 
GENERAL AMERICAN 


Transportation Corporation 
Sales Offices: 10 East 49th St., New York 17, N. Y. 


General Offices: 135 LaSalle St., Chicago 90, Ill. 
In Canede: Cenedien tive Comp King Ont. 
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Fig. 1. Installing your mixer the herd way. 


With this issue we conclude the series on Maintenance which was started in the February issue with an 
article on organizing a maintenance department and the adaptable personnel needed. . . . This was 
followed in March by some valuable suggestions on the importance of the original design and layout 
of plant and equipment. . . . Last month the “fix-it-before-it-breaks” philosophy was stressed . . . and 
this month our author discusses the installation of mixers after suitable planning and designing and 
offers rules of practice in their operation. . . . 


ASY installation, trouble-free opera- 
tion, and low cost maintenance must 
be founded in good design. In fact, these 
are tests of a good design. To get these 
at low cost is a prime engineering func 
tion. If equipment is selected or designed 
without taking mto account the factors 
that affect installation, operation, and 
maintenance, and if the maintenance and 
operating departments are not given a 
chance to check design, the job is un- 
finished. The operating and maintenance 
men are then forced to make up for 
poor engineering and purchasing meth- 
ods. 

The maintenance department alone is 
not responsible for keeping a plant run- 
ning. Even the best crew will have 
trouble keeping a poorly designed unit 
on stream. We ask the impossible if we 
also insist that the maintenance costs of 
such equipment be low. 

Unfortunately, because the purchase 
price of equipment is a tangible, easy 
figure to get, it is stressed; installation 
and maintenance costs are rarely re- 
ported to engineering and purchasing. 
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MAINTENANCE OF 
FLUID MIXERS 


R. D. BOUTROS 


Mixing Equipment Co., Inc., Rochester, New York 


Richard D. Boutros, affiliated with Mixing Equipment 
Co., Inc., Rochester, N. Y., as chief engineer since 1947, 
has given considerable thought and attention to the 
mechanical design and technical application of mixers. 
Prior to this assignment he served as factory superin- 
tendent and engineer. He has directed work on the 
critical speed characteristics of overhung shafts. He 
is currently supervising a project on the performance 
design of stuffing boxes. A graduate of the University 
of Virginia, he holds a degree in mechanical engi- 
neering. 
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Fig. 2. The easy way. 


The project cost is not solely the cost 
of getting the equipment. Money spent 
in time and materials to get the plant 
running is part of the cost also, and 
it is affected greatly by the equipment 
selected or designed. In some “low cost” 
units, the “savings” in purchase price 
are spent many times in keeping the 
unit running. When it isn’t running 
down-time must be considered—an im- 
portant and often overlooked item. 

Down-time is expensive, and must be 
thought about in selecting, designing, or 
planning equipment. Down-time 
must be kept in mind when planning 
maintenance programs. If a plant op- 
erates continuously, there is no such 
thing as a “minor” unit. The failure 
of any part will stop the plant. Some 
units may cost more, may be more com- 
plex, may be harder to replace than 
others, but in a continuous system, “the 
chain is no stronger than its weakest 
link.” 

A shutdown means a loss in revenue of 
$1500 an hour to a twelve million 
dollar a year business that runs 95% 
of the year. A business, operating on 
an eight-hour day 240 days a year, do- 
ing the volume, $6200 
each shutdown-hour of work. Beyond 
shutdown losses might be product spoil- 
age and premium costs for replacement 
parts. 

It is impossible never to have a shut- 
down, but trouble can be avoided by 
checking designs with plant operators 
and maintenance men. 

Some engineers think that standby 
equipment is the surest way to reduce 
down-time. This isn’t always the best 


costs 


k yses 
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answer. If care is taken of a well engi- 
neered unit by sound preventive mainte- 
nance, a lower equipment cost per 
product-unit is possible than if the 
money was spent for standby machinery. 
Standby equipment often is a large capi- 
tal investment. It earns practically noth- 
ing—it is idle too much. It is, in fact, 
an insurance premium for an uncertain 
degree of protection—unless it is given 
good care. Standby units must be ready 
all the time, and this cannot be done 
for nothing. If standby units are idle 
for long periods, oil seals, packing, and 
mechanical seals can deteriorate and 
lose their effectiveness. Bearings, gears, 
and other machine parts can corrode. 
Corrosion from condensation in idle ma- 
chine housings is quite common. Unless 
standby equipment is checked regularly 
it may be unfit for service when you 
need it most. 

While many factors of mixer design 
are beyond our scope here, some have a 
direct bearing on installation, operation, 


Fig. 3. Details make a difference. 


and maintenance. Below are three ex- 
amples of the effect of design, chosen 
because they are frequently ignored. 


Installation 


A better, lower cost installation will 
result if the mixer is designed to be 
an integral unit, an assembly that re- 
quires the least amount of job site work. 
The “mixer” of Figure 1 may have 
“cost” less than the mixer of Figure 2, 
but the chances are that it will be the 
more expensive to get on the tank and 
ready to run. 

It is difficult to plan, estimate, and 
schedule an installation when the erec- 
tion crew must assemble the equipment. 
They are likely to be unfamiliar with it. 
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This is the expensive way, although the 
job site costs may be hidden by account- 
ing practices. The price of the equip- 
ment is not its cost. The true cost is 
what it takes to get the equipment into 
its intended place and ready to work. 
“Push button” cost is one way of de- 
scribing it. 

Where tank and nozzle size is set, de- 
tails like impeller diameter and con- 
struction can lead to expensive, embar- 
rassing situations. If a large diameter 
turbine is specified as a one-piece cast- 
ing, a large opening in the tank is neces- 
sary to get it in. The predicament in 
Figure 3 doesn’t always happen to the 
other fellow. 

For alloy tanks nozzle cost goes up 
rapidly with nozzle size. If a large tur- 
bine is designed with removable blades, 
it can fit through a small opening. 
Blades are replaceable when needed. 

A mixer turbine 60 in. in diameter 
made as shown in Figure 4 will pass 
through a 22%-in. opening. Turbines 
72 in. in diameter have been made in 
three sections to pass through a 20-in. 
opening. 

Operation 

Side-entering mixers are mounted so 
that shaft and stuffing box are below 
normal liquid level. For good stuffiing 
box operation without too much leak- 
age, shaft run-out must be limited. If 
the shaft design is based on service 
stresses alone, it will deflect too much 
at the stuffing box and batter an open- 
ing in the packing. Reducing leakage 
will be difficult. We have found that 
shaft static deflection at the stuffing box 
must be less than 0.005 in. to get good 
service from the stuffing box. 

Figure 5 shows a 25 hp. unit with a 
mixer shaft which runs at 420 rev./min. 
To transmit the power, a 1% in. di- 
ameter shaft would be all right, but to 
control the deflection for good stuffing 
box performance a 2'in. diameter shait 
must be used. 


Maintenance 


A lot of complaining is done about 
stuffing boxes leaking too much and 


Fig. 4. Split type flat blade turbine. 
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being a maintenance problem. Good 
stuffing box performance depends on de- 
sign; but just as important is its care. 
If the stuffing box design doesn’t make 
it easy to adjust the gland, and repack 
the box, maintenance men won't take 
care of it. 

Some design details are small things, 
take packing separators. They are shown 
between the rings of packing and above 
and below the lantern ring in Figure 6. 
Packing separators help to get better 
performance from stuffing boxes. They 
give lower stuffing box temperatures, 
but there are two simple maintenance 
reasons for using them. 


1. 


Separators keep the rings of packing 
from sticking together making it 
easier to take the old packing out. 

By putting packing separators above 
and below the lantern ring, lantern 
ring puller holes are kept from plug- 
ging. 


t 


Installation 


Plan the Installation. It is more ef- 
ficient to make a complete outline, plan- 
ning the work from receipt of the mixer 
to the “push button point” than to have 
the man at the job site try to find some- 
thing he needs and doesn’t have. It isn’t 
often that mixer installation is planned 
in detail. Trial will soon convince en- 
gineers of the wisdom oi this procedure. 


Make a Layout. Locate the mixer 
on the tank, see if there is enough room. 
Don't crowd the mixer since space is 
needed for maintenance. The more space 
there is, the easier maintenance will be. 
Figure 7 is an example of a good in- 
stallation. 

Tanks should be under a beam or hoist 
rail for ease in handling parts. Not long 
ago, to get a mixer in place a large 
company had to remove a section of 
roof. The mixer is in a crowded place 
and maintenance men don’t give it proper 
care. 

You can’t always design an ideal set- 
up. A mixer might have to be put on a 
tank which isn’t strong enough. Mixer 
weight may have to be carried on a 
saddle spread over the tank shell, with 
a separate stuffing box. This means 
separate alignment of parts on the job 
which is not easy. Stuffing box and 
mixer shaft must be aligned, and if the 
shaft is long enough to need a steady 
bearing, the whole assembly must be 
carefully aligned. 

Figure 8 shows a mixer mounted on an 
aluminum tank with a saddle to carry 
the mixer weight and a separate stuffing 
box. A steady bearing was eliminated by 
using a stabilizer * on the turbine, Fig- 
ure 9. In this plant, the engineers and 
installation crew planned the installa- 
tion carefully. The aluminum mixer 


*U. S. Patent 2195092. 
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Fig. 5. 25 hp. side entering mixer. 


shaft is 2% in. in diameter, with an 
11 ft.-6 in. overhang. The shaft will 
bend if picked up in the middle, and 
must be handled carefully since a bend 
in the shaft will mean run-out, a leaky 
stuffing box, or lead to fatigue failure. 
An integral top entering mixer on a 
closed tank, is best for it gives alignment 
of all parts. 

A closed tank mixer will be carried 
on a nozzle mounted in the tank head. 
If the tank is large and designed for 
low pressures, a reinforced head may 
be needed for a good mounting. Mixer 
important 


because the 


mounting Is 


method of calculating the critical speed 
of the unit assumes a rigid mounting. 
The critical speed is the revolutions per 
minute of the mixer shaft equal to the 
natural frequency of vibration of the 
shaft. If the mixer is operated at this 
speed in air, the shaft will vibrate and, 
theoretically, will deflect infinitely. Long 
before it gets to infinity, it will be bent, 
broken, or go through the side of the 
tank. 

A top entering mixer mounted on an 
open tank, must have beams strong 
enough to do the job. To avoid trouble 
from vibration, mount the mixer as rig 
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Fig. 6. Typical stuffing box assembry. 
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Fig. 7. 


Fig. 9. Overhung shoft and turbine assembly 
of aluminum. 
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Well planned installation. 


Brace beams laterally, 
Where small mix 
ers are mounted on tanks without a rigid 
make elec 
There are 


as possible 
particularly I beams. 


support, it is important to 
trical 
two reasons for this 


connections flexible. 


Vibration may cause a fatigue failure 
of the electrical conduit 

There have been cases where the rig- 
idity of the electrical comuit changed the 
critical speed of the assembly and brought 
it so close to the operating speed that 


the mixer shaft failed 


For top entering and side entering 
mixers mounted angularly and off cen- 
ter, it is important to have the tank 


strong enough so the mixer position 


Chemical Engineering Progress 


won't shift and destroy the proper flow 
pattern which depends so much on the 
mixer position. 

Side entering mixers are usually in- 
stalled in large tanks which are under 
low pressure. On large tanks, mounting 
the mixer on the tank shell is like mount- 
ing it on a large flat plate. 

Recently a petroleum refinery engineer 
complained that a mixer which had done 
a good job of gasoline blending in two 
hours was not doing the job in twenty- 
four hours. The plant engineer was sure 
that the mixer had been installed prop- 
erly, angularly off center, and that the 
manufacturer’s instructions had been 
followed. <A topside inspection of the 
tank showed that the shell had buckled 
and the mixer position changed so that 
the mixer shaft pointed to the center 
of the tank. This shift in position 
changed the flow pattern in the tank 
to a swirling pattern with little mixing. 
As soon as the mixer position was cor- 
rected, it gave the same results as be- 
fore. The tank shell should have been 
reinforced to prevent buckling where 
the mixer was mounted. 

Figure 10 shows a mounting which is 
both good and bad. Good because the 
tank shell has been reinforced to keep 
the mixer in position; bad because the 
mixer is supported from two independent 
places. It's supported from the nozzle at 
the tank and by legs 
block in the ground. When the tank is 
filled, there will be some settling; but 
the block won't settle. This will cause 
shaft to bind in the mixer 


from a concrete 


the mixer 
bearings. 

As another example: a side entering 
mixer which ran well when the tank was 
half full was 50° overloaded when the 
tank was filled. The overload was caused 
by the mixer shaft binding in the mixer 
bearings as the tank shifted from the 
weight of the additional liquid., The 
mixer should have been supported en- 
tirely from the tank. 

Figure 11 shows a side entering mixer 
completely supported from the tank so 
that if the tank shell shifts, the mixer 
will go with it and stresses will not be 
set up in the mixer parts. The thrust 
of a side entering mixer propeller has 
to be carried by the nozzle and the tank 
wall on which the mounted. 
For 25 hp. side entering mixers run- 
ning at 420 rev./min. this thrust is as 
high as 850 pounds. 


mixer 1s 


Estimate the Installation. Make an 
estimate of the material and labor re- 
quired. Do not leave “small” parts out. 
Talk to the men who have done similar 
jobs before. Get their ideas on how you 
can plan the next one. Make a form and 
list tools, handling equipment, welding 
equipment, and supplies which will be 


needed. Have any gaskets and packing 
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cut and formed so that it doesn’t have 


to be done on the job. Schedule the 
different trades which you will need for 
the installation. Make your men’s time 
effective by planning it. 


Mixer Shafts. Good mixer perform- 
ance depends on a straight mixer shaft. 
A top entering mixer shaft 2 in. in 
diameter, 10 ft. long, should be straight 
throughout its length to within 0.010 in 
total indicated run-out. It is easy to 
bend a shaft, and most mixer shafts are 
bent in handling ; few are bent in service 
Don't pick up a long shaft in the middle 
A shaft must be picked up at several 
points. Don't store the shaft standing 
up; but support it at more than one 
point. Protect the shaft surfaces that 
will run in the stuffing box and in bear- 
ings. Wrap with a tape, and keep 
wrapped until the very last minute. If 
the shaft has couplings, protect the 
coupling faces until they are ready to 
be bolted together. This will save a 
lot of filing and scraping on the job 
to get rid of burrs and nicks. 

When the shaft is to be over 10 ft. 
or 12 ft. long, do not try to use one 
shaft in place of shorter coupled sec- 
tions. The longer shaft will be harder 
to handle, more likely to be damaged 
in transit and in installation. In the 


AIR BLEED PLUS 


long run, shorter, coupled sections will 
prove less costly and more convenient. 


Stuffing Boxes. Stuffing boxes that 
aren't part of the mixer must be aligned 
carefully. If they are not in line with 
the shaft, it will force a larger hole in 
the packing and the stuffing box will 
leak. It is not an easy job to put a 
separate stuffing box on a tank and have 
it aligned with the mixer shaft. One 
way to do it is to mount the mixer, in 
stall and couple the shaft with the 
stuffing box on it. Use the shaft itself 
to get the alignment of the stuffing box 
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Fig. 11. Tank-mounted side entering mixer. 


Fig. 10. Side entering mixer with pipe leg 
supports. 


assembly while it is welded or fastened 
to the tank. Have some means for fine 
adjustment after final installation—like 
shimming the mixer mounting. A stuffing 
box assembly welded to the tank isn't as 
good as one bolted to a nozzle. The 
mixer mounting or tank head may shift 
after a while. It is far better to have 
the stuffing box an integral part of the 
mixer. 

Pack the stuffing box carefully. If you 
can use die-molded packing rings, you 
will get better service in the first hours 
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Fig. 12. Convertible top entering stuffing box—seals to packing. 
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pf operation. Seat each ring of packing 
Separately and carefully. Use packing 
Beparators between the rings of pack- 
ng, and above and below the lantern 
- Figure 6 shows a_ well-designed 
tuffing box. The stuffing box must be 
packed with the parts in the right order 
If the wrong number of rings of pack- 
ing is put in, the lantern ring may not 
be at the lubricant entry and the stuffing 
box will net get good lubrication. 


Fig. 15. Flat blade turbine. 
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Fig. 14. What'll you have? 


With a single or double mechanical 
seal, alignment is critical. me- 
chanical seals will not give satisfactory 
service if the misalignment of shaft and 
stuffing box exceeds 0.005 in. It is diffi- 
cult to get good results with mechanical 
seals where the stuffing box is separate 
and not a part of the mixer assembly. 
If you can avoid it, don’t use mechanical 
seals in a separate stuffing box. 

Figure 12 shows a top entering 
stuffing box with a double mechanical 
seal. Because the stuffing box is above 
the liquid level in the tank, a double seal 
has to be used so liquid may be put in 
the space between the seals to lubricate 
and cool. It is important when install- 
ing such a stuffing box, to get all of the 
air out of the seal cavity so that the 
liquid will be above the sealing face of 
the upper seal. The liquid pressure in 
the stuffing box cavity must be at least 
equal to the pressure in the tank or 10 
to 15 Ibs. sq. in. higher. 

The mechanically sealed stuffing box 
of Figure 12 is designed so packing can 
be used in the same assembly if the seal 
fails and you don't have a spare. Keep 


Some 
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convenient the packing and parts to con- 
vert the mechanically sealed stuffing 
box. Emergency parts do no good if 
they are not found. 


Mixer Mounting. If handling means 
are convenient, mounting of an integral 
mixer is easy. When ready to be hoisted, 
sling it so that it is level as it is lifted. 
Figure 2 shows this. This will save a 
lot of pushing and tugging. Forcing a 
mixer into position may damage shafts, 
stuffing boxes, and other parts. After 
mounting and assembly check alignment 
of all couplings, and finally, turn the 
input shaft by hand to see that it is free. 
Numerous times someone has forgotten 
to take a ladder, or a tool out of the 
way. 


Steady Bearings. If the mixer shaft 
is so long that a steady bearing is 
needed, don’t use a design where the 
mixer shaft must be taken out to change 
the bearing sleeve. The steady bearing 
should be mounted on a support fastened 
to the tank bottom or sides, but fixed 
so that the steady bearing assembly can 
be adjusted to be aligned with the mixer 
shaft. After alignment dowel it to its 
support. 

Figure 13 shows a steady bearing as- 
sembly designed so that you can change 
the bearing without moving the mixer 
shaft. There is a replaceable wear sleeve 
on the mixer shaft. 


Turbines, and Other Impellers 


There are many things which influ- 
ence the choice of the impeller. A great 
many different designs have been 
checked for power response and vis- 
cosity response. Figure 14 shows a few. 
Generally, you can do with one impeller 
what you can do with any other, if you 
know enough about their characteristics. 
On many jobs the mechanical design 
sets the impeller type. Often the size 
of opening in an existing tank, fittings 
inside the tank, and the physical charac- 
teristics of the material being mixed 


Fig. 16. Curved blade turbine. 
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Fig. 17. Flat blade pitched paddle. 


rather than the process determine the 
type and size of impeller. 

Fabricated impellers usually will be 
more useful than cast impellers, except 
for propellers. They should be demount- 
able to get them through small openings. 
The flat blade turbine, Figure 15, has 
excellent fluid dynamic characteristics 
and it is a practical design. Because the 
blades are bolted on, the turbine goes 
through an opening the size of the disk. 
Power is varied easily by changing the 
number and size of blades. Blades are 
replaced quickly and at low cost. This 
design is easy to modify; Figure 4. For 
abrasives or slurries, the curved blade 
turbine, Figure 16, is useful. Starting 
torque is less than that of the flat blade 
turbine and the blades don’t wear as 
rapidly. 

Flat paddles are used for slower 
speeds than turbines and they do a good 
job. Pitched paddles, Figure 17, or flat 
paddles, do not transmit power smoothly 
to the liquid. A long shaft with a paddle 
on it will tend to weave in the liquid 
because the load is not uniform. Ii this 
condition is severe, it may cause a 
fatigue failure of the shaft. A multi- 


Fig. 19. Propeller with stabilizing ring. 
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bladed turbine transmits power more 
smoothly. In practice, never use a tur- 
bine with less than four blades at speeds 
above 50 rev./min. and avoid running 
paddles over this speed. 

For an agitated tank in a continuous 
system, with high throughput, use im- 
pellers which are stable and transmit 
power smoothly. 


Shaft Vibration 


Most mechanical trouble with mixers 
comes from shaft vibration. Shaft vibra- 
tion can cause: 


Fatigue failure of the shaft. 

Damage to the mixer drive if the shaft 
is not isolated from the drive by a flexible 
coupling. 

Damage to the stuffing box causing: 
Too much leakage through a packed stut- 
fing box or failure of a mechanical seal 


Vibrations because of critical speed 
occur when the mixer is running in air. 
As soon as the liquid in the tank covers 
the bottom impeller without vortexing 
the liquid damps the vibrations. Because 
many things influence critical speed no 
mixer should be run within 20% of the 
calculated critical speed. 

Make the mounting for a mixer 
strong. A sound, solid mounting is most 
important since incorrect mounting also 
can cause an alteration in the critical 
speed ratio of the assembly. 

During draw-off and filling of a tank, 
don’t run the mixer at speeds between 
40% and 80% of the air critical speed 
without a steady bearing or a stabilizer, 
Figure 18. It will not run without 
dangerous and probably destructive 
vibrations. If your job requires a mixer 
to run during draw-off and filling, and 
you need a long shaft there are only 
three ways that this can be done. 


1. Choose a speed for the mixer so that 
it does not run faster than 40% of its 
air critical speed. 

This isn’t always possible since for 
long shafts the shaft diameter may 
have to be too great to be eco- 
nomical, or the speed may not be 
practicable. 

2. Use a steady bearing. 

This has the effect of increasing the 
critical speed and it steadies the shaft. 

3. Put a stabilizer under the bottom 
impeller 

Figure 9 shows where a_ steady 
bearing could not be used and a long 
overhung shaft was needed so that the 
mixer could run at the lowest possible 
liquid level. To make it worse, every- 
thing in contact with the contents had 
to be aluminum. By analysis of the 
critical speed and using a stabilizer 
under the turbine, this 5 hp. mixer 
running at 90 rev./min. with a 2%,-in. 
diameter aluminum shaft 
11 ft. 6 in. ran perfectly at all liquid 
levels. 


Quite often, because a process is to be 
continuous and the mixer will not be 
running during draw-off and filling, a 
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Fig. 18. Flat blade turbine with stabilizing ring. 


stabilizer or steady bearing will not be 
specified. There is no reason to take 
such a chance. If the mixer and tank 
are of alloy construction, or glass-coated, 
the value of a stabilizer or steady bear- 
ing as a Safety precaution is obvious. 

Stabilizers are only effective when 
they are mounted under the bottom im 
peller so that they are the first thing to 
enter the liquid and the last to leave it. 
Stabilizers are effective with all im- 
peller types. Fins, Figure 19, are just 
as good for propellers smaller than 18 in. 
in diameter. 

Generally unless the mixer is going to 
run over 2000 rev./min., you won't need 
to balance the impeller and shaft assem 
bly dynamically, a_ static 
enough. 


balance is 


Propellers 
The flat or slightly concave surface 
of a propeller blade, depending on the 


Fig. 20. Top entering mixer with fluid coupling 
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design, is the driving face; the convex 
face is the back. If the propeller is 
threaded on the shaft, be sure that you 
have some way of locking it on. The 
engineers of a large plant couldn’t un- 
derstand why the motor of a 25 hp. 
mixer drew no more current when the 
tank was full than when it was empty. 
They had started the mixer backwards 
and the propeller spun off and was on 
the bottom of the tank. 


Operation 


A sound rule of practice is to insist 
that the mixer be rotated by hand be- 
fore it is started. This is a sure way 
to find out if there is any obstruction in 
the tank. Also, the operator should be 
able to feel binding caused by a change 
in alignment of the parts, a stuffing box 
Which is too tight, or a rough bearing. 
Before the mixer is started the first 
time, be sure that the motor is connected 
4 the proper electrical supply and that 
he rotation is correct. 

It the mixer is on a gas dispersion 
operation and sized to run during 
gassing only, some interlocking means 
should be provided so the mixer can’t 
be started unless the gas is on. If the 
mixer is run when the gas is not flow- 
ing, the consequent overload may burn 
out the motor 

Solids settling out in the tank and 
covering the impeller may cause an over- 
load. Figure 20 shows a mixer which 
has a fluid coupling between the motor 
and the speed reducer. This is an ex- 
cellent way to protect the unit from 
heavy shock loads which would other- 
wise burn out the motor or damage the 
mixer, 

There have been much published data 
on power characteristics of impellers. 
In spite of this, some engineers will 
make a change in an installation from 
the original design specifications with- 
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out realizing how serious an effect these 
changes will have. For example, Figure 
21 is a composite drawing showing on 
the left side the basis on which the 
mixer was selected, the right side shows 
the eventual installation. If the turbine 
positions and liquid level are changed, 
as shown on the right, these alone will 
have the effect of increasing the power 
to drive the mixer by 12%. The relative 
position of the impellers and the liquid 
coverage of the upper impeller have pro- 
nounced effects on the power. If the 
speed is raised from 68 rev./min. to 84 
rev./min., this speed change alone would 
increase the power 90%. li both changes 
were made, the power required would in- 
crease about 102%. On the face of it, the 
changes themselves don’t seem to be im- 
portant, but the 102% increase in power 
is serious. When you have a mixer like 
the one shown in Figure 22, which has a 
variable speed drive, be especially care- 
ful that changes do not overload the 
motor. With pilot plant variable speed 
mixers it is common to try various im- 
pellers over a range of speeds. A good 
deal of care must be taken to prevent 
damage to the mixer by running an 
impeller combination at too high a speed. 
A change in viscosity will not have so 
pronounced an effect when the Reynolds 
number of the installation is above 5000. 
Any change in specific gravity of the 
liquid when the Reynolds number is over 
5000 will bring about a proportionate 
change in power. 

If a mixer is running in an unbaffled 
tank with liquid viscosity below 5000 
centipoises, baffles in the tank will in- 
crease the power greatly. It is possible, 
by adding baffles, to increase the power 
drawn by the shaft and impeller assem- 
bly five times or more. Don't put baffles 
or tank fittings in an existing installa- 
tion until you have determined the 
effect on the loading of the mixer. 

In scaling up an operation for geo- 
metrically similar conditions, the horse- 
power varies as the fifth power of the 
impeller diameter when the same liquids 
are to be mixed. So, if you use a turbine 
geometrically similar but 20% greater 
in diameter, in the scaled up installation, 
it will draw 2% times the power at the 
same speed. 

A stuffing box which has been tight- 
ened too much, may also affect power 
demands. It is perfectly possible for the 
stuffing box of a mixer, which has a 
2-in. diameter shaft operating at 420 
rev./min., to be tightened so that 2 
hp. or more is lost in the stuffing box 
itself. 


Maintenance 


The same principles which make for 
good maintenance of any machine apply 
to mixers. It is hard to tell whether 
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bearings fail more from too much lubri- 
cation than from a complete lack of 
maintenance. A maintenance program 
means more than using the right lubri- 
cant at the right time. It also means 
using the right quantity of the right 
lubricant at the right time. Equipment 
and methods used for lubrication must 
be clean. Bearing failures have been 
traced to the fact that foreign matter 
got into the bearing with the lubricant. 

By using a mixer maintenance record, 
like Figure 23, a maintenance program 
can be checked. For bearings, it is rare 
that conditions justify filling them more 
than one-quarter full of grease. Too 
much grease causes overheating and may 
lead to premature failure of the bearing 
and only means that, in time, there will 
be grease leakage at the oil seals. 

Where sealed bearings are used, some 
grease leakage may appear after the 
unit has run a short time. Ii the leakage 
continues, it is a sign that the seal is 
defective. 

Besides a luhrication schedule, there 
should be an inspection schedule. This 
list should include : 

Checking the motor electrically for 
grounds and current leakage. 
Checking the drive assembly. 
Checking the condition of all bearings. 
Checking flexible couplings for both 
angular and parallel alignment. 
Checking the condition of the speed 
reducer gearing. Any sign of cor- 
rosion in the speed reducer may be 
due to: 
(a) Moisture in the gear case, which 
can come trom 
(1) Water in the lubricating oil 
2) Condensation of the atmos- 
phere in the gear case 
(b) An acid condition in the lubricat- 
ing oil. 

6. Checking the assembly for corrosion. 

Parts such as bearing mounting lock 
nuts, shafts, and other exposed parts 
outside the tank, should be protected 
from corrosion by covering them with 
an anticorrosion compound or painting 
them. 

No matter how well designed the 
stuffing box of a mixer is, the results 
depend on care. 


1. Don't tighten the gland any more 
than you have to. 

Taking up on the gland too much 

causes an unnecessary waste of power. 
Too much compression by the gland 
will cut down packing life and will 
cause the packing to wear the shaft 
faster than it should. 
Keeping the gland level ali the time 
is important if you want the least 
leakage with a minimum power loss 
in the stuffing box. 

A simple way to make sure that the 

gland is level is to use calipers be- 
tween the upper face of the stuffing 
box hub and the under face of the 
gland. 
Provide lubrication at the lantern ring 
continuously and, unless there are 
wide variations of pressure in the 
tank, at constant pressure. 
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The mixer in Figure 22 has a 
weight-loaded lubricator which does 
this. Notice the leak detector pan 
around the stuffing box. This leak de- 
tector pan is filled with liquid so the 
operator can detect any gas leakage 
from the tank. Where the gas in the 
tank is hazardous, this is a simple 
and effective detector 

If lubricating the stuffing box inter- 
mittently through a grease fitting, be 
sure that the relief plug opposite the 
fitting is taken out so the stuffing box 
will not be overfilled. Figure 24 is 
typical of the lubrication that most 
stuffing boxes get. 


For any stuffing box to seal effectively, 
there should be a continuous liquid film 
between the stationary element and the 
rotating element. In the case of side 
entering mixers, the liquid in the tank 


in alignment, and that the shaft sur- 
face is in good condition and highly 
polished. 
If you are using bulk packing, cut it 
to the correct size carefully. 
Put the packing, packing separator, 
and lantern ring in the stuffing box 
in the right order. Be sure to seat 
each ring of packing separately and 
carefully before putting in the next 
ring of packing 
The packing separators above and 
below the lantern ring keep the lan- 
tern ring puller holes from getting 
plugged 
Aiter repacking, take out the relief 
plug and lubricate the stuffing box 
until the lubricant shows at the relief 
hole. Replace the relief plug and 
apply just enough pressure on the 
grease gun to distribute the lubricant 
without adding more. 

6. If possible, run the mixer with the 
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very often provides enough lubrication 
for the packing and forms this film. If 
the material in the tank should not leak 
out, a lubricator supplying constant 
pressure to the lantern ring is useful. 
For top entering mixers, where the 
stuffing box is not in contact with the 
liquid, the stuffing box lubricant must 
supply the liquid film. 

When the packing has been com- 
pressed to about three-quarters of its 
original volume, instead of adding a 
fresh ring or so of packing to the out- 
board end of the stuffing box, have the 
stuffing box completely repacked. li you 
use die-molded rings of packing, you 
will find that repacking is easier and 
you will get better results in the first 
heurs of operation. When you repack a 
mixer stuffing box, follow these steps. 

1. Clean the stuffing box. Flush out old 

lubricant. Don’t repack if the shaft is 


badly scored or damaged. Make sure 
that the shaft and stuffing box are 
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packing gland nuts only finger tight 
until the stuffing box has reached its 
highest temperature. Then stop the 
mixer, tighten the gland adjusting 
nuts with a wrench, Tighten carefully 
to keep the gland level. Doing this 
seats the packing while it is warm and 
plastic. Loosen the gland adjusting 
nuts so they are only finger tight and 
run the mixer. This procedure for 
reseating the packing will give you 
the best results. 

If your operation prevents you from 
following this method, then be sure 
that the gland is not overtightened 
when it is adjusted with the mixer 
running. 


For top notch stuffing box perform- 
ance get the stuffing box temperature as 
a convenient and practical indicator of 
the stuffing box condition. This can be 
done by attaching a thermocouple lead 
to the stuffing box hub, or taping a ther- 
mometer to the stuffing box hub. 

There are so many ways that an over- 
hung mixer shaft can be damaged in 
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Fig. 22. Variable speed top entering mixer; 
stuffing box equipped with weight-loaded lubri- 
cctor and leak detector pon. 


that it is a wise precaution to 
schedule periodic inspection of the shaft 
and impeller assembly to check for 


service, 


1. Corrosion or abrasion 

2. Shaft straightness 

3. Tightness of fastenings 

4. Bent impeller blades or stabilizers 

Where the mixer has a steady bearing, 
it is most important to practice preven 
tive maintenance so that the bearing 
does not fail in service. If the steady 
bearing loses its effectiveness, the shaft 
assembly behaves as though it were an 
overhung mounting. The steady bearing 
was put in because the overhung mount- 
ing would not do. 


~ 


Fig. 24. Anything but this! 


If a steady bearing is used on a mixer 
shaft, and the liquid in the tank has 
abrasives, piping a clear liquid to flush 
and lubricate the steady bearing will ex- 
tend its life. 


( The articles on Maintenance in this issue 
and in the February, March, and April is- 
sues, were adapted from a Symposium on 
Maintenance held at the Rochester meeting. 
D. A. Pierce was its chairman.) 
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GASEOUS FLUIDIZATION OF SOLID PARTICLES 


ROBERT D. TOOMEY 7 and H. F. JOHNSTONE 


University o° Illinois, Urbana, Illinois 


A theory of fluidization is developed which is based on the forces and 
energy transformations existing within a fluidized system. The system 
is assumed to attain the most stable configuration, and the particles are 
shown to be at their terminal velocities. From these considerations the 
average Reynolds number in the dense or continuous phase is essentially 
independent of the superficial gas velocity. An analysis of the energy 


wall were measured. 


OST of the theories and correla- 

tions that have been developed to 
explain the nature ot fluidized beds are 
based on fixed bed relationships (11, 15, 
17). While these may be a convenient 
starting point, they do not explain the 
true characteristics of fluidized beds, 
since the two systems are inherently 
different. A review of the literature 
shows that there is no satisfactory ex- 
planation of the mechanism of fluidiza- 
tion which is quantitatively supported 
by the available data. The present work 
was undertaken to study the motion 
within a fluidized system and the rate 
of heat transfer between the bed and 
boundary surfaces. The part of the 
work concerned with the theory of fluid- 
ization is presented here. Data on heat 
transfer and an analysis of flow patterns 
within the system will be published in 
a later paper. 


Experimental 


In all cases the fluidizing medium was 
filtered air, delivered to the system at about 


* Present address: National Lead Co. 
(Titanium Div.), South Amboy, N. J. 


Tadle 1. 


transformations results in a general equation relating the pressure drop 
to the superficial gas velocity and the particle diameter. The gas flow 
through the interstices of the bed, both at incipient fluidization and at 
higher velocities, can be estimated. Differential pressure losses through 
fluidized beds of spherical beads and velocities of the particles along the 


200° F. and one per cent relative humidity. 
The air was metered through critical ori- 
fices. The solids used were commercial 
grades of Scotchlite glass beads obtained 
from the Minnesota Mining and Manufac- 
turing Co. Table 1 lists the physical pro- 
perties of the five sizes of beads used. The 
average diameter of each size was deter- 
mined by measurement under a microscope, 
and the absolute particle density was found 
by measuring the water displacement of a 
known weight of beads. 

A cross section of the column used is 
shown in Figure 1. It was formed by 
cementing together, one above the other, 
seven sections each 4.7 in. I.D. and 6 in. 
over-all height (see Fig. 2) and a top 
section of the same diameter and 20 in 
high. Both the sections and prisms are 
numbered from the bottom. The design of 
the column was dictated primarily by the 
requirements of the heat-transter measure- 
ments. All the internal equipment was 
supported from the upper plate and could 
be raised above the level of the bed when 
not in use. This included a %%4-in. Calrod 
heater in the center of the bed which re- 
mained in place during all the measure- 
ments, and a special tube with taps to 
measure the pressure drop across each of 
the individual sections. The exit gases 
passed through a cyclone, and the solids 
thus collected were intermittently returned 
to the fluidized bed. 

Glass prisms were inserted between the 


Properties of Scotchlite Glase Beads 


Manufac- 
turer's 
Bead Size 

Ko. in. sicrons 


Average Mean Deviation Absolute 
Particle from Average 


Particle 
Density 
1d. /eu.ft. 


376 
79 
106 
0.00715 55 


0.0334 
0.0148 
0.00862 
0.00818 


17.2 
3.1 
6.5 
8.6 

20.7 
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metal sections with the inside face flush 
with the wall of the column (Fig. 2), so 
that an accurate measurement of the par- 
ticle velocity could be made simultaneously 
with the pressure and heat-transfer meas- 
urements. A 16-mm. Western Electric 
Fastax high speed motion-picture camera 
was used for photographing the m ving 
bed through one face of the prism while a 
lens system focused a light through the 
other face. The film was later examined 
and a plot of particle velocity at the var- 
ious levels against time was made. 

Data concerning the controllable var- 
iables and pressure drops on each run are 
given in Table 2, while the data calculated 
from the motion picture film are recorded 
in Table 3. Duplicate measurements of 
pressure drop checked on the average 
within 2%. Measured velocities of the 
glass beads are accurate over the time in- 
terval during which they were photo- 
graphed, but since this was rather short, 
an unknown error could be introduced by 
using these as average velocities. 


Type of Gas Flow. The theory of 
fluidization postulated here is based on 
energy and force relationships within a 
fluid system rather than on comparisons 
with static beds. A fluidized bed is con- 
sidered as composed of two phases: the 
first consisting of uniformly distributed 
particles in a supporting gas stream, and 
the second consisting of pure gas in the 
form of bubbles, channels, or slugs. The 
former phase is known as the continuous 
phase, while the latter is termed the dis- 
continuous phase. The bed fluidizes 
when there is enough gas flow to sup- 
port the continuous phase, while the dis- 
continuous phase appears at ail appre- 
ciably higher gas velocities. Incipient 
fluidization occurs when the particles 
are just suspended in the gas stream 
Several investigators have described the 
bubbles in fluidized beds, but not in a 
quantitative manner (6, 12, 13, 17). 

Before continuing, the limitations of 
the discussion should be emphasized. 
This paper is based on experimental 
evidence obtained from gas fluidization 
of particles within a limited range of 
sizes, and therefore all statements and 
conclusions are limited to these condi- 
tions. The relationships are developed 
for systems of uniform spheres; modi- 
fications may be necessary for appre- 
ciable deviations from such a system. 
Furthermore, no attempt is made to in- 
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Pressure Losses in Fluidised Beds 


Diameter 

of Beads 
in, 


1». /(or. )(¢t.*) 


Mase 
Velocity 


Bed Feight at 
Plaid- 
ization (in.) 


Peg 


in, 


0.03% 


0.0148 


ADJUSTABLE 
TO ALIGN 
ROO 


BED REMOVAL TUBE 


8 IN. OO. STEEL TUBE 
SIN. 0.0. STEEL TUBE 
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HEATER -CALROD 
INSULATION 


IN. ROO 
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WELL AND 
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ELECTRIC COIL 


TRANSITE SUPPORT 
FOR THERMOCOUPLES 


terpret the effect of varying the proper- 
ties of the gas or solid. 


First, it is desirable to examine the type 
of gas flow in the continuous phase. Sev- 
eral indications can be found which show 
that the local gas flow within the continu- 
ous phase is laminar, or viscous. Chilton 
and Colburn (5) correlated the data avail- 
able on the flow of fluids through fixed beds 
of granular solids, and found that the tran- 
sition between viscous and turbulent flow 
occurs at a Reynolds number (D purpy/uy) 
of about 40. For the velocity at incipient 
fluidization, the Reynolds number for the 
fixed beds of the glass beads used in this 
work were 0.014, 0.095, 0.55, 2.88, and 12.2. 
Since a slight separation of the particles 
should not appreciably increase the tend- 
ency to produce turbulence, the gas flow 
around the particles should always be vis- 
cous. Visual observation of fluidized beds 
readily shows that, as the gas velocity is 
increased, most of the additional gas, after 
incipient fluidization, passes through the 
bed as the discontinuous phase and there- 
fore does not appreciably affect the quantity 
of gas flowing through the continuous 
phase. Later it will be shown that, for any 
over-all gas velocity, the Reynolds number 
based on the superficial velocity past the 
particles in the continuous phase varies 
only slightly from that at incipient fluidiza- 
tion. If this is true, then there is little 
opportunity to pass from viscous to turbu- 
lent gas flow in a fluidized bed as the 
superficial gas velocity is increased 

There is other evidence to support this 
contention. Morse (15) replotted the data 
of Wilhelm and Kwauk (17), and of Leva 
(10, 11), using the dimensionless groups 
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Column used for heat-transfer measurements. 


proposed by Blake (2), and in almost every 
case obtained a straight line, showing that 
if the gas flow at incipient fluidization is 
viscous, it probably does not reach turbu- 
lent flow at higher superficial velocities 
With a similar plot based on the velocity 
of the particles with respect to the wall 
instead of the superficial air velocity, the 
same conclusions may be drawn from data 
taken in the present work. Kettenring, 
Manderfield, and Smith (9) found that the 
heat- and mass-transtfer coefficients between 
the solids and the gas stream are consider- 
ably lower in fluidized beds than in packed 
beds at the same superficial velocity. Gam- 
son (7) found it particularly interesting 
to observe that the normal flow in the 
absence of particles for the heat-transfer 
data of Mickley and Trilling (14) would 
cover viscous, transition, and highly turbu- 
lent flow, whereas his recommended corre- 
lations in the presence of particles showed 
no breaks or transitions over the range oi 
modified Reynolds numbers studied. From 
these observations, the assumption of vis- 
cous flow in these fluidized systems is rea 
sonable. The generalization to all types of 
fluidization, however, need not be made 
While some of the subsequent considera- 
tions are based on this assumption, they do 
not necessarily depend on viscous flow in 
the continuous phase. The term “viscous” 
is used here in contrast to turbulent flow, 
and applies only to the flow of gas in the 
continuous phase. Local conditions of gas 
flow, such as at gas inlets and at the phase 
boundaries, may of course be turbulent. 


Nature of Fluidized Beds. The absence 


of translational motion at the start of 
fluidization and its increase with increase 
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in gas velocity is easily observed in a glass 
column. The formation of the discontinu- 
ous phase also follows this pattern. When 
the discontinuous phase forms at the gas 
inlet, it is acted on by a buoyant force due 
to its immersion in the denser phase. The 
movement of the discontinuous phase 
through the bed under the influence of the 
buoyant force is considered to be the cause 
of the translational motion of the particles 
within the bed. The particles near the dis- 
continuous phase move upward with this 
phase while other portions of the contin- 
uous phase move downward. Thus the 
whole system is set in motion, the degree 
of which depends primarily on the volume 
of the discontinuous phase passing through 
the bed. At incipient fluidization, the gas 
velocity is just sufficient to maintain the 
solid particles suspended in the gas stream 
hence the particles must be at a terminal 
velocity. Superimposed on this relation- 
ship at higher velocities is the bulk move- 
ment of the continuous phase due to the 
passage of the discontinuous phase. As this 
movement should not influence the relative 
movement of the gas past the particles, the 
particles are considered to be always at 
their terminal velocity. This concept does 
not depend on viscous flow. 

The formation and expansion of a fluid 
ized bed may now be examined in detail. 
When there is sufficient gas flowing to 
sustain the individual particles at their ter- 
minal velocities, incipient fluidization oc- 
curs. Assuming for the moment that only 
the continuous phase exists, an incremental 
increase in the superficial gas velocity 
would necessitate a slight expansion of the 
system. The system must expand until an 
equilibrium void space is established which 
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both maintains the particles at their ter- 
minal velocity and permits the additional 
gas to pass through the voids of the con 
tinuous phase. As the superficial gas ve 
locity is increased, however, the flow 
through the bed would eventually tend to 
become turbulent. In other flow systems, 
increasing both the linear gas flow and the 
diameter of the openings ultimately produces 
turbulent flow. It is postulated, therefore, 
that the single-phase fluidization remains 
stable until a critical condition is reached, 
and then the system has the remarkable 
property of having all of the additional 
gas flow pass through the bed in the form 
of a discontinuous phase. Singie-phase 
fluidization becomes unstable when the sys 
tem no longer can fulfill the conditions for 
maintaining the particles at a terminal 
velocity while at the same time passing the 
additional gas. Possibly this is due to a 
change in the type of gas flow around the 
particles or to the character of the attrac- 
tive forces between the particles. As long 
as the system can permit the additional in- 
crements of gas to pass as the discontinuous 
traction void space and density 
of the continuous phase will be independent 
Bof the gas velocity. The state existing be- 
tween a fixed bed and a fluidized bed of two 
pphases has been described by Ergun and 
POrning who found that two-phase 
fluidization of spheres begins when the void 
fraction exceeds about 0.46. Thus the aver- 
mage density of all continuous phases in the 
systems studied will be approximately equal 
jowman (3) has presented a theoretical 
study of fluidization in which all of the 
forces in the fluidized system which act on 
Bhe particles are taken into considcration. 
he resulting equation for aggregative 
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fluidization indicates that the critical var 
iables have a narrow range over which they 
may vary. This is similar to the concept 
of a critical condition which tends to main 
tain the density and gas flow within the 
continuous phase independent of the total 
superficial velocity when the discontinuous 
phase is present. 

As the superficial gas velocity is in 
creased, it becomes more difficult for the 
fluidized system to pass such large quanti- 
ties of bubbles. The particle velocities in- 
crease and the particle motion becomes 
more random, thus tending to destroy the 
uniform continuous phase, especially at the 
interphase boundaries. The energy loss due 
to this movement will be described later 
At these higher velocities an increasing 
number of particles are thrown into the 
region above the fluidized bed. Within the 
bed, the gas takes two paths: one through 
the continuous phase which supports the 
particles, and the other in the discontinuous 
phase. The particles thrown into the region 
above the bed are subjected to all the gas 
flowing, and if the gas velocity in the open 
tube is greater than the terminal velocity 
of the single particles they will be carried 
out of the system. At extreme velocities 
these conditions lead finally to disintegra 
tion of the fluidized system. 


In summary, it may be stated that the 
forces within the continuous phase tend 
to maintain two distinct phases, each of 
constant properties, while the movement 
of the discontinuous phase to 
destroy this relationship. The particles 
are held together within the dense phase 
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principally by the Bernoulli forces, as 
described previously by Wilhelm and 
Kwauk (17) and by Bowman (3). It 
is these forces, existing because of the 
areas and _ velocities 
within the bed, that are chiefly responsi- 
ble for the attraction the 
particles. 


changing flow 


between 


Energy Transformations Within Fluid- 
ized Systems. In order to fluidize a bed of 
solid particles it is necessary to maintain 
the pressure difference across the bed at 
least equivalent to the weight of the par- 
ticles per unit area. An increase in the gas 
velocity will increase the pressure drop 
slightly, and this additional pressure drop 
will be defined as APs, or the pressure 
drop due to kinetic energy losses. The 
passage of the discontinuous phase through 
the fluid bed produces translational motion 
of the particles. It is postulated that this 
motion causes collisions between the par- 
ticles which dissipate as heat the energy 
due to AP... In analyzing these energy 
losses, it is desirable to derive a relation- 
ship between APs. and the superficial gas 
velocity for any particle diameter. This 
derivation is based on the concepts of fluid- 
ization stated above and upon the following 
three considerations of the energy transfor- 
mations within a fluidized system: 


1. A relationship between D, and the en- 
ergy lost by particle collisions at a 
constant volumetric flow of the dis- 
continuous phase 

2. The buoyant force at varying gas ve 
locities for any given particle dia- 
meter 

3. The increased pressure drop of the 
fluidizing gas over AP m+. 


This approach to the problem was used, 
since a more direct mathematical approach 
yielded simultaneous partial differential 
equations in three unknowns that could not 
he solved 


First, the effect of particle diameter 
on the amount of energy dissipated will 
be determined under the condition of 
constant I”), or volume of the discontin- 
uous phase flowing per unit time. As 
the particles in the continuous phase are 
always at their terminal velocity, the 
drag force per unit volume of the con- 
tinuous phase is always constant. Super- 
imposed upon this force is a shearing 
force due to the movement of the dis- 
continuous phase which causes adjacent 
strata within the system to move at dif- 
ferent velocities. The particles will still 
remain at their terminal velocity under 
this force, but the slight changes in 
velocity from point to point will cause 
the rotation of the individual particles 
and collisions between adjacent par- 
ticles. 

Bingham (1) describes the collision 
of two spheres in a fluid field and states 
that the viscous resistance to the shear- 
ing action which two spheres set up as 
they approach each other will rapidly 
dissipate their energy of rotation as 
heat. For a given system and volume 
concentration, the number of collisions 
is proportional to the number of par- 
ticles, which for spheres, varies in- 
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versely as the cube of the diameter. 
Bingham states also that, if the angular 
velocity is independent of the diameter, 
the energy of rotation will be propor- 
tional to D,*, and the loss of energy due 
to the collisions will be inversely pro- 
portional to the diameter. The system 
which he considers is similar to the 
continuous phase as previously de- 
scribed. The average angular velocity 
of the particles in a fiuidized bed, how- 
ever, is not independent of the particle 
diameter at constant l’,, as the angular 
velocity will be proportional to the ve- 
locity of the discontinuous phase. The 
velocity of the discontinuous phase 
through the bed may be shown from ex- 
perimental evidence to be proportional 
to the square root of the particle dia- 
meter. 

Lewis, Gilliland, and Bauer (12) 
found that the following empirical 
equation expresses the effect of particle 
size and gas velocity on the change in 
bed depth above that at incipient fluidiz- 
ation, 


0.065 
D,°® 5 


= 


(ty — 


This may be rewritten as 
V, 
AL, 


0.065 


My — Wy) 
m 
p 


where V, is the volume of the discon- 
tinuous phase in the system at a given 
time in contrast to V,, the volume of the 
discontinuous phase flowing per unit 
time. Since 

(ty — tty) A= V, (3) 


time of detention of 
phase within the 


it follows that the 
the discontinuous 
bed is 

V, 


0.065L, 


. (4) 
D,° 


Thus, L,/tg, the velocity of the discon- 
tinuous phase, is proportional to D,°* 

If the angular velocity is independent 
of the particle diameter, the loss of en- 
ergy of rotation is seen to be inversely 
proportional to the diameter. The de- 
pendence of the velocity of the discon- 
tinuous phase on D,°° will affect this 
relationship in two ways. First, as the 
bubbles rise faster they will move the 
particles correspondingly faster, and 
hence the number of collisions from this 
effect should increase as D,®5. This 
was partially verified by the particle ve- 
locity measurements. Secondly, the ve- 
locity of the djgcontinuous phase would 
cause the angular velocity of the par- 
ticles to vary as D,®* and, since the 
kinetic energy of rotation is proportional 
to the square of the angular velocity 
this effect would cause the kinetic en- 
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Fig 3. Kinetic energy losses in fluid beds. 


ergy of rotation of the particles to vary 
directly as the particle diameter. The 
combination of these two effects with 
the original relationship noted by 
Bingham indicates that the kinetic en- 
ergy loss at constant |’, is proportional 
to the square root of the particle dia- 
meter. 

For small columns, an additional 
term is necessary because of the effect 
of the wall on the pressure drop. There 
iore, the rotational energy loss, which 
is equal to the work done on the par- 
ticles, becomes 

W ~ (K’D,°5 — k’) (5) 

Considering a fluidized system of 
given size particles, the work done by 
the discontinuous phase may be ex- 
pressed in terms of the buoyant force 
acting through the bed height. For a 
differential increase in I’ ,, 


dW ~ (Pa p,) LAV, 


Since the quantity of gas passing in the 
continuons phase is constant, and 


(6) 
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L V —V,, it follows that dV may 
be substituted for dl’,. 

Two independent variables, the par- 
ticle diameter and V’,, determine the 
additional energy needed to pass the dis- 
continuous phase over that necessary to 
suspend the particles at incipient fluidiz 
ation. Equations (5) and (6) show the 
relation of this energy to these quanti 
ties. Since the subsequent integration 
does not involve a variable particle 
diameter, the amount of work may be 
expressed as proportional to the product 
of these expressions. 


v 
(KD95 — k) (pm — dv 
Ve 
(7) 
The limits of integration are from the 
inception of two-phase fluidization to 
any higher gas velocity 
The amount of work may also be ex- 
pressed in another way. That part of 
the pressure drop which provides the 
additional energy is AP,,. The energy 
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Fig. 4. Relation between slope of log G — AP. plot and D,. 


dissipated by the collisions of the par- 
ticles therefore must be equal to the 
product of the volume of gas passing 
through the bed and the kinetic energy 
pressure drop. 


AP ee 
Ww = rf d(APy.) (8) 
0 


After setting Equations (7) and (8) 
equal, integration gives 


Pee 
d(AP,,) 


becomes 


BP. = (KD,°5 — &) — py) Ly 


v 


(10) 


s AP,» equals the weight of the bed 
r unit area, or approximately 
(pm — Py) Ly, Equation (10) may be 
expressed as a function of 
the fractional increase in pressure drop 
due to the kinetic energy loss, 


1 AP 
In 
(KD,°5—k) APuy 


(11) 


The equation fits the experimental data 
well. Because of the difficulty in obtaining 
accurate values of Al's, data on beads No. 1 
and 5 could not be used. Data on the other 
sizes, as well as those of Lewis and asso- 
ciates (12), are plotted in Figure 3. The 
average deviation from the best straight 
line for each size is only a few per cent 
According to Equation (11), the intercept 
of the straight lines with the abscissa repre- 
sents the superficial velocity in the continu- 
ous phase of two-phase fluidization. Only 
the data of Lewis, Gilliland and Bauer (72) 
extend to low enough velocities to obtain 
an accurate indication of the point of inter- 
section. The points on the abscissa repre- 
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sent the superficial velocity at incipient 
fluidization as calculated from the data re- 
ported. For the four particle diameters, the 
ratio wm,/te is 0.85, 0.69, 0.83, 0.87. Several 
points are available for the extrapolation 
at each velocity so that these values should 
be reasonably accurate. Thus, only a slight 
increase in gas velocity over that at in- 
cipient fluidization is needed to reach the 
critical condition where the discontinuous 
phase forms. Values of the ratio show no 
dependence on particle diameter. Data on 
the smallest particles used in both investi- 
gations were omitted because of inaccur- 
acies in the measurement of the small 
pressure differences, and also because of 
the greater importance of attraction forces 
between the small particles. 

The slopes of the straight lines in Figure 
3, which are proportional to (KD,°* — k), 
are plotted in Figure 4 against D,°*. The 
slopes from the two series of experiments 
fall on different straight lines, as would be 
expected, since the derivation does not take 
into consideration the effect of column area, 
gas entrance, shape of the bed, etc. The 
column used in the present work had a 
half-inch Calrod heater down the center, 
so that a comparison between the two col- 
umns is difficult. K is represented by the 
slopes of the lines in Figure 4, while & is 
the intersection of the lines with the ordi- 
nate. Lewis, Gilliland, and Bauer showed 
graphically that the fractional increase in 
pressure drop, APse/AP ms, decreases with 
increasing column diameter and decreasing 
bed depth. Thus it appears that the more 
freedom that the particles have due to a 
small wall area per unit volume, the less 
energy the continuous phase expends to 
pass the discontinuous phase. This graph- 
ical treatment of fluidization data appears 
to be a useful method for measuring the 
wall effect in a fluidized bed. 

There are some limitations of Equation 
(11) which should be recognized. Theoret- 
ically, AP» should be equal to the pressure 
drop when the continuous phase is about 
to form, except for a slight change in the 
drag. Actually, there are two other condi- 
tions which tend to increase the pressure 
drop slightly at the inception of two-phase 
fluidization. The wall effect may cause ro- 
tation of some particles, which dissipates 
energy as the particles become further 
separated. Furthermore, there must be an 
expansion of the gas as the pressure 
changes through the bed. Both of these 
effects would cause the data in Figure 3 
to show a slight curvature near the ab- 
scissa. 
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Comment 


The concepts of a critical condition 
in the continuous phase and fluidized 
particles at a terminal velocity, if com- 
bined, present a useful set of relation- 
ships. Although not completely under- 
stood, the occurrence of similar relation- 
ships from several independent sources 
justifies their mention at this time. For 
viscous flow, the terminal velocity of a 
freely falling particle is given by 


(p. — D,* 
u,=K 
Ps 


(12) 


where K has been shown to be reason- 
ably constant in the range of Stokes’ law 
for freely falling spheres at their ter- 
minal velocity. 

The velocity of the gas past a particle 
in a fluidized bed is different from that 
past a single freely falling particle be- 
cause of the proximity of other par- 
ticles. Rouse (16) states that a solid 
boundary in the neighborhood of the 
relative motion will increase the defor- 
mation drag through transmitted shear, 
or will alter the pressure distribution 
when inertial effects are involved. In 
discussing the rate of settling of small 
particles of solid matter through liquids 
and gases, he shows that, in the case of 
deformation drag, the proximity of 
boundary surfaces will markedly aug- 
ment the resistance. These effects may 
be taken into account through use of a 
correction factor determined analytic- 
ally by Ladenburg; with slight modifi- 
cation of the second numerical term 
(16), this factor takes the form 
(1+2.1D/L) for a sphere of diameter 
D moving along the axis of a cylinder 
of diameter L. It should be noted that 
the correction factor depends on the 
geometry of the system and that, if the 
ratio of the dimension of the opening 
to that of the particle is constant, the 
correction is a constant. If the per cent 
void space in the continuous phase is 
assumed to be constant, the ratio of pore 
opening to particle diameter is constant. 
As the correction factor accounts for 
the drag due to near-by boundary sur- 
faces and as fluidized systems by their 
nature maintain the ratio of pore open- 
ing to particle diameter constant, the 
correction to Equation (12) should be 
constant and the relation between the 
critical variables as represented by 
Equation (12) should be valid. 

It was postulated that single-phase 
fluidization remains stable until a criti- 
cal condition was reached, and that at 
higher velocities the density of the con- 
tinuous phase is independent of the 
superficial gas velocity. As the actual 
resistance encountered by an immersed 
body depends upon the Reynolds number 


May, 1952 


oO! 

0.10 

ee. 
005 

. 

(9) 
i 
4 

|: 


which characterizes the motion, and 
upon the shape and position of the body, 
this critical point possibly can be repre- 
sented by a single Reynolds number. 
This Reynolds number must include the 
effective values of velocity and viscosity 
within the fluidized system and there- 
fore it cannot be considered as the usual 
Reynolds number of a falling particle. 

Equation (12) and the relationship 
represented by a constant Reynolds 
number both contain three variables ; the 
particle diameter, a velocity, and a vis- 
cosity, and both apply to the same par- 
ticles, or group of particles under the 
same flow conditions. It is reasonable 
to assume therefore that if the velocity 
and viscosity terms in each equation are 
not identical, at least they would be 
proportional to each other. If this 
assumption is made, then the following 
relationships hold 


u,~ D,°* (13) 


(14) 

These relationships do not depend on 
the assumption of viscous flow. If the 
concept of a constant Reynolds number 
is combined with the equation for the 
terminal velocity in the intermediate 
region, or with the equation for the 
terminal velocity in turbulent motion, 
the same relationships are derived. 

These proportionalities may be help- 
ful in determining just what is repre- 
sented by the effective or critical ve- 
locity and viscosity of a fluidized bed. 
Matheson, Herbst, and Holt (13) 
measured the viscosity of fluidized beds 
with a modified Stormer viscometer. 
Although the relationship between the 
observed viscosity and the effective vis- 
cosity is not obvious, it is interesting to 
note that the measured viscosities are 
approximately proportional to 

A comparison can be made with col- 
loidal solutions to substantiate further 
the dependence of viscosity upon the 
particle diameter. Hatschek (8) re- 
ports data on viscosities of concentrated 
which that the vis- 
cosity increases much more rapidly than 
the volume fraction of the 
Furthermore, at a given concentration 
of the solids, the viscosity increases as 


suspensions show 


solids. 


the diameter of the particles decreases. 
In his analysis of rotating spheres in a 
fluid medium at constant void fraction, 
Bingham (1) showed that, for constant 
angular velocity, the loss of energy 
should be inversely proportional to the 
diameter of the particles. He notes that 
this conclusion, if correct, is an indica- 
tion that finely divided particles should 
give comparatively viscous suspensions. 
The consideration of spheres in a fluid- 
ized bed, however, showed that the loss 
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Fig. 5. Relationship between particle vel 


in energy due to collisions increased 
with particle diameter. From these rela- 
tionships, the viscosity in fluidized beds 
would be expected to increase with par- 
ticle diameter. 

There are several independent sources 
of evidence which indicate that the ve- 
locity associated with the continuous 
phase is proportional to the square root 
of the particle diameter. Equation (1), 
which was developed by Lewis, Gilli- 
land, and Bauer to correlate their data, 
has been rearranged to show that the 
velocity of the discontinuous phase 
through the bed is proportional to the 
square root of the particle diameter. 
Particle velocities along the wall were 
measured primarily to aid in under- 
standing the heat-transfer mechanism, 
but their relation to AP,, are of interest 
here. The relationship between AP,, 
and the particle velocities along the wall 
is shown in Figure 5, where AP,,/L is 
plotted against u,/D,°*. Here 
the square root of the particle diameter 
correlates the data on velocities within 


again 


a fluidized system. 

The interpretation of Equation (1) 
and the accuracy with which Equation 
(11) fits the available data support the 
original postulate that, with two-phase 
fluidization, the flow and density within 
the continuous phase are independent of 
the superficial gas velocity. Thus, for 
a given system, the Reynolds number in 
the continuous phase may be considered 
constant. The extension of the concept 
of a constant Reynolds number to in- 
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clude a range of particle sizes needs 
further verification. 
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Notation 


A = column area, sq.ft. 

= particle diameter, ft. 

f = friction factor 

9. = conversion factor, 32.17 


mass)/(lb. force) (sec.) 
(sec. ) 
G = mass velocity; subscript y Te- 


fers to incipient fluidization 
» refers to continuous phase 
when discontinuous phase ts 


present, (lb.)/(hr.) (sq.ft.) 


k’.k = constants 

L, = bed height; subscript ,,, refer 
to height at incipient fluidiz- 
ation, ft. 

AP = total pressure drop; subscript 
ne refers to kinetic energy 
loss; refers to incipient fluid 
ization, Ib. /sq. ft. 

t, = time of detention of discontin- 
uous phase within bed, sec. 

u = velocity; subscript , refers to 
the superficial gas velocity 
based on total columh cross 
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section; ,, refers’ to the 
minimum superficial gas ve- 
locity necessary for fluidiza- 
tion; , refers to the super- 
ficial gas velocity in the con- 
tinuous phase when the dis- 
continuous phase is present; 
+ refers to the terminal ve- 
velocity 
maintains the solid 
suspension ; 


locity or effective 
which 
particles in 
refers to the particle velocity 
with respect to the wall, ft./ 
sec 

average gas velocity gradient 
with respect to the particle at 
the particle surface, sec.—! 

volume of gas per unit time; , 
refers to the flow rate in the 
discontinuous phase; , refers 
to the flow rate in the con- 
tinuous phase, cu.ft. /sec. 

volume of the discontinuous 
phase in the system at any 
time, cu.ft. 

work, ft.lb. 

fraction void space in contin- 
uous phase 

viscosity of gas; subscript , 
refers to true gas viscosity; 
. refers to the effective vis- 

a fluidized bed, 

( it.) (sec. ) 


cosity 
(Ib.) 

density; subscript , refers to 
gas; » relers to contimuous 
phase; , refers to solid par- 
ticles, Ib. /cu.it. 
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Discussion 
R. H. Wilhelm (Princeton (N. J.) 


University) : The question has arisen as 
to whether the authors’ treatment ap- 
plies to systems which have a small 
amount of bubble formation. Particu- 
larly we were thinking about fluidization 
of solid particles with water as con- 
trasted with the air-solid type of fluid- 
ization. 


R. D. Toomey: We did not do any 
work with particulate fluidization such 
as that usually characterized by the 
fluidization of particles by water in 
which there is no apparent discontinu- 
ous phase. However, the data on par- 
ticulate fluidization seem to be consis- 
tent with the concepts presented here. 
In examining the data of Wilhelm and 
Kwauk for particulate fluidization with 
water, the following observation can be 
made. When the fluid velocity was 
doubled to the highest values measured 
in the 13 runs reported, the average 
pressure drop increased about one per 
cent. In some cases there is actually a 
slight drop in pressure. In the same 
particle diameter range with air the 
pressure drop would increase on the or- 
der of 25% or more with any 100% 
increase in the fluid velocity. There- 
fore, it would seem that AP,, as found 
in fluidization with a gas hardly exists 
with water fluidization where there is no 
discontinuous phase. The concepts pre- 
sented in this paper predict this rela- 
tionship, since the existence of AP,, 
and the discontinuous phase are shown 
to be interdependent. 


Max Leva (Pittsburgh, Pa.): Is it 
correct that your AP,, constitutes an 
increase in pressure drop over values 
one would calculate from the weight of 
the bed? 


R. D. Toomey: Yes. The pressure 
drop at the beginning of fluidization 
has been both calculated and measured 
and the results checked very closely. 


Max Leva: According to that, the 
energy of fluidization which you report 
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would be equal to the product of the 
volumetric flow rate of the gas and 
AP,,. In this connection, what was your 
tube diameter and also how high was 
your bed? 


R. D. Toomey: My tube diameter 
was 4.7 in. and the beds ranged from 
12 in. to about 26 in. 


Max Leva: We have had evidence in 
connection with our work at the U.S. 
Bureau of Mines that this pressure-drop 
increase AP,, might be related to the 
height-diameter ratio of the bed. If one 
deals with shallow beds the increase is 
either entirely absent, or it is negligible 
even with gas fluidization. It has ap- 
peared that the increase might be pri- 
marily due to the friction of the solids 
on the wall. If that is so, it is difficult 
to see how the product of volumetric 
flow rate and AP,, can be considered as 
being related to the energy of fluidiza- 
tion. At any rate it would be instructive 
to have particle velocities along the wall 
and compare them with heai-transfer 
data. Have you made such measure- 
ments and have you also observed tem- 
perature profiles? 


R. D. Toomey: Yes, we took meas- 
urements on heat-transfer coefficients, 
temperature profiles, and particle ve- 
locities while obtaining the data pre- 
sented in this paper. These relation- 
ships will be published later. I 
definitely with your previous paper in 
that the velocity of the particles along 
the wall appreciably affects the heat 
transfer. 

I can’t agree with the statement that 
the increased’ pressure drop might be 
due to the friction of the solids on the 
wall. It is true that the shallow beds 
have a low AP,, and that this will in- 
crease with bed depth. This is probably 
due to the increase in the movement of 
particles which can be obtained with 
a deeper bed. The velocity of the par- 
ticles is higher, causing the particles to 
have more of a spin and making them 
collide more often. Thus the bed depth 
is believed to affect the AP,, through its 
effect on the particle movement through- 
out the fluidized system. 


agree 


Max Leva: Have you compared your 
calculated values of the energy of fluid- 
ization with the product of total pres- 
sure drop, gas rate and fluidization effi- 
ciency? In the past our work at the 
U. S. Bureau of Mines has disclosed 
also a definite relationship between heat- 
transfer coefficients and the product just 
mentioned. 


R. D. Toomey: No, we didn’t make 
the comparison. 


(Presented at Forty-third Annual 


Meeting, Columbus, Ohio.) 
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MASS-TRANSFER RATE IN PACKED COLUMNS 


Its Analogy to Pressure Loss 


SABRI ERGUN 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


The coefficient of mass transfer, &,», in fixed beds is shown to be a linear 


function of the fluid flow rate pu: 
kyM,, = 


+ b” pu 


where a” and 6” are factors which are specific functions of fractional 
void volume, particle size, fluid viscosity and density, and coefficient of 


diffusion. 


The analogy of mass-transfer rates to pressure loss in packed systems 


is expressed by the simple equation: 


dC/dL _ 
ac 


where » is the proportionality factor which is shown to be - : 


dP/dL 
Y U 3 
o( ) 

€ 


= P Based 


on this analogy, equations are developed which permit evaluation of 
mass-transfer rates independent of pressure drop. 


A new general form of mass-transfer factor, applicable to all packed 
beds, is introduced. The existence of a one to one correspondence be- 
tween the new mass-transfer factor and the new friction factor, intro- 
duced earlier for pressure drop in packed columns, is shown. Relation- 
ships developed are tested with the published data and their applicability 


demonstrated. 


UMEROUS industrial processes, 

such as coke or coal gasification, 
blast furnace operation, catalyst regen- 
eration, adsorption, drying, solution, and 
many exchange processes involve inter- 
action and mass and heat transfer be- 
tween solid particles in fixed beds and 
the gas or liquid streams. The impor- 
tance of evaluation of heat- and mass- 
transfer rates in such fixed beds to their 
design and successful operation is gen- 
erally recognized and much discussed. 
However, the problem has been treated 
mostly on empirical bases and no corre- 
lation applicable to all types of systems 
has been found. The purpose of the 
present investigation has been (a) to 
review critically the existing methods of 
empirical correlations, (b) to point out 
their implications, (c) to review the 
theoretical developments, (d) to develop 
equations on theoretical grounds, and 
(e) to test the equations developed with 
the published data. The packed systems 
exhibit complexities, e.g., variations in 
temperature and pressure, changes in 
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cross section, flow rates, solid surface 
areas, etc. Any general equation must 
necessarily be a differential one so as 
to permit integration over ranges of 
variables encountered. Available data 
on the subject, however meager, are 
fortunately for simple cases of constant 
temperatures and substantially constant 
flow rates. Thus the validity of the 
equations developed can be tested in a 
simple manner. 

In the existing method of analysis, 
the mass-transfer coefficient, kp, in 
packed beds is given by the following 
equation : 


(dC/dL) = kpS,(C* —C) 
(1) 


where G is the mass-flow rate of the 
fluid per unit cross-sectional area of the 
column, M,, is its molecular weight, C is 
the concentration of the solute in the 
main body of the fluid at a distance L 
from the entrance, C* is the saturation 
concentration for the solute, and S, is 
the surface area of the solids per unit 
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volume of the bed. When integrated for 
the case of constant flow rate, isothermal 
flow, and no longitudinal mixing, Equa- 
tion (1) takes the form: 
G/M 


ln — 
S,L Cc*—C, 


~ 


kp = (2) 


which is more frequently expressed as 


kp = = (3) 
S,1 aC uy 
where 
C.-C, 

ACiy = (4) 

( C; 
ln 

c® ( 


A dimensionless parameter, the J, fac- 
tor, was introduced by Chilton and Col 
burn (3) for the purpose of relating 
the transfer coefficient ky to the physical 
properties of the system: 


kyM,, \* 
*(- 5 


where yw is the viscosity of the stream, 
p its density, and D, the coefficient of 
diffusion of the solute into the solvent 
For a better understanding of the impli 
cations of the J, factor, kp may be 
eliminated by the use of Equation (2). 


6L 1—e \ c*—C, 


where ¢ is the fractional void volume of 
the bed and D, is the equivalent spher- 
ical diameter of the particles used in the 
packing. D, is defined by 


6(1—«) 


D (7) 
Chilton and Colburn (3) also intro- 

duced the concept of number of transfer 

units, .V,, defined by the expression 


dC aw 
x 
Ny 


where Cyy is the log mean solvent con- 
centration in the column. For systems 
where solute concentrations are not large 
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and no mixing occurs along the length 
of the bed, Equation (8) can be inte- 
grated as 

c* C; 


N,~ ln — 


(9) 
The height of a transfer unit, H,, is ob- 
tained by dividing the column height L 
by the number of transfer units NV, 


n > 
C*—C, 


(10) 


The‘ factors defined above, viz., ky, 
Ja, Hy, and N;,, can be calculated from 
the data taken from a column in opera- 
tion. The problem lies in predicting any 
of these factors for ancther system to 
be designed, or for the same system 
under different flow conditions. The J, 
factor, in particular, was introduced for 
this purpose. Unfortunately, however, 
the relations obtained by various work- 
ers differ in many and fail 
usually to agree with one another as will 
be seen from the following brief review. 


respects 


Work of Gamson, Thodos and Hougen 
(/0). Psychrometric measurements were 
gnade for studying the rate of evaporation 
f water from spherical and cylindrical por- 


- pellets into air streams. The porous 


Mass-transfer rates to gas streams in packed beds (12). 


RESNICK WHITE 


4 7 11000 


pellets were soaked in water, * usually 
several hours, the excess water was drained 
off, the pellets were rolled in cheesecloth to 
remove the excess water adhering to the 
surface without removing capillary mois- 
ture.” It is, therefore, expected that the 
interfacial surface area between the gas 
stream and the liquid was different from 
the geometric surface area of the solids on 
which the calculation of the transfer coefh 
cients were based. Bed thicknesses not ex- 
ceeding 2% in. were used for particle sizes 
as large as 4% in. In such shallow beds the 
entrance and exit effects may play impor- 
tant roles. Moreover, the height and the 
fractional void volume for a bed made up 
of a few layers of solids are quantities of 
questionable significance. The data were 
presented by plotting the J« factor against 
the Reynolds number, Nee = GD,/u. The 
following equations were recommended : 


c= 0.989 ( DG for D 


> 350 
(lla) 


D,G 


for — < 40 


(11b) 
Work of Wilke and Hougen (22). Ad- 


ditional data to that of Gamson, Thodos and 
Hougen (10) were obtained for the purpose 
of investigating further the region of lower 
gas flow rate. Equation (11>) was replaced 
with 


Je = 182( for 


= 168 DiG 


10 
(ile) 


Fig. 3. Analogy between 


drop and mass- 


transfer rate into liquid 

streams in packed beds 

on 2-naphthol-woter sys- 
tem (15). 


— 


| 
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Fig. 2. Mass-transfer rates to gas streams in packed beds (18). 


Work of Hurt (/2). The following 
systems were studied: (a) the adsorption 
of water vapor from moist air by particles 
of silica gel and by particles coated with 
phosphorous pentoxide, (b) adiabatic hu- 
midification of air over silica gel pellets 
wetted with water, (c) evaporation of naph- 
thalene from naphthalene flakes into air and 
hydrogen streams. The result for case (a) 
was considered doubtful. Data were 
given for cases (b) and (c) together with 
the results of Hr calculations. The frac- 
tional void volumes were not measured. It 
was reported that for different size 
particles of similar shape no satisfactory 
correlation of the data into a single curve 
could be obtained. Data are, accordingly, 
presented as separate curves for each size 
and shape investigated.” The author appar- 
ently did not recognize that the plot of //, 
D, against D,G/s# would bring the data for 
different sizes into a single line as seen 
from Figure 1. 


Work of Resnick and White (/8). Rates 
at which naphthalene was vaporized into 
air, hydrogen, and carbon dioxide streams 
from fixed and fluidized beds were meas- 
ured. The Js factors were calculated and, 
when presented graphically against D,G/n, 
a wide scatter attributed to differences in 
size, was observed. Results are shown in 
Figure 2. A statistical analysis of the data 
indicates that no significant correlation ex- 
ists between the reported J, factors and the 
Reynolds numbers ; in fact, the dotted lines 
shown in Figure 2 may represent the data 
equally well. The authors correlated their 
data empirically by plotting J.s/D,'* vs 
D,G/u. 


Work of Taecker and Hougen (2/). 
Studies were identical with those of Gam- 
son, Thodos and Hougen (10) and Wilke 
and Hougen (22), except that Raschig 
rings, partition rings, and Berl saddles were 
used instead of spheres and cylinders. The 
effective particle diameter, )),’, for the spe- 
cial shape packings used, was calculated by 
D,' = V Ap/x, where A, is the dry surface 
area for one packing unit. Even with this 
modification, the J« factors for Raschig 
rings and partition rings were 19% lower 
than those for solid spheres and cylinders 
and for Berl saddles about 30% higher than 
for the rings. To express the data the fol- 
lowing equations were developed 


(11d) 


1.21 ( ior 


GD, < 620 


(lle) 


Work of Hobson and Thodos (//). 
Water was passed through a bed of celite 
spheres presoaked in a saturated solution of 
either water in isobutyl alcohol or of water 


Ja = 2.24 ( for 
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in methyl ethyl ketone. The variation of 
the effluent concentration with time was 
measured so that the transfer rates would 
be calculated at “zero time” when the par- 
ticles were believed to be completely wetted 
by saturated solution. The questions that 
concerned later workers (8) were: (1) 
how accurate was the extrapolation to a 
somewhat uncertain “zero time” for a curve 
of rapidly changing slope? (2) did the 
pellets have excess solution on their surface 
initially? (3) if not, how was this removed 
without depleting the surface? The follow- 
ing generalized equation, correlatinj also 
the data of Galmson, et al. (10), and Wilke 
and Hougen (22), was recommended by the 
authors: 


log Je = 0.7683 — 0.9175 log Re 
+ 0.0817[log Re}? (iif) 


Work of McCune and Wilhelm (/5). 
Mass-transfer rates from 2-naphthol pellets 
into water streams were measured. The 
work of these authors constituted an excel- 
lent investigation free from most of the un- 
certainties of the earlier studies. Use of 
uniform size pellets assured accurate esti- 
mation of the geometric surface area of the 
solids which constituted both the surface 
exposed to flow and the interfacial surface 
for mass transfer. Ample bed heights were 
used. The fractional void volumes of the 
fixed beds could have been easily calculated 
from the bulk densities, pz, and the particle 
density of the pellets, ps, by the use of the 
relationship « = 1 — ps/ps. This, however, 
apparently was overlooked by the authors, 
who determined the fractional void volume 
for each type of packing in a separate ap- 
paratus, although the pellets may not have 
packed to the same bulk densities in the 
separate container. Data were presented as 
a plot of the Js factor against Reynolds 
number, and data were represented by two 
straight lines : 


Ja = 1.625 ( for PG < 120 

(llg) 


Ja = 0.687 (Pe 129 

(11h) 

Work of Gaffney and Drew (8). Studies 


of these authors comprise a thorough in- 
vestigation of mass-transfer rates in solid- 
liquid systems, The work was similar in 
nature to that of McCune and Wilhelm 
(15). The actual fractional void volumes 
of the beds were determined for cach case 
The following systems were investigated 
(a) benzene-salicylic acid, (b) m-butanol- 
succinic acid and (c) acetone-succinic acid 
The preferred method of presenting the data 
consisted of plotting S»//r/Sc°* against 
D,G/ue, which also correlated the data of 
McCune and Wilhelm (15). The reciprocal 
of the former of these groups is identical 
with the J factor used by the earlier work- 
ers, except that the Schmidt number, 
Se = p/pDr, entered with 0.58 power in- 
stead of the customary 2/3 power. The 
reciprocal of the plot of the authors could 
approximately be expressed by the follow- 
ing equations : 


DG 


Jé = 1.97 ( DG \" for < 200 
ue ue 
(1li) 
Jé 0.299 for > 200 
me me 
(11y) 
where 
SO”? 
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TABLE E FOR 
E Ja FACTO 


Equations 

Ja 16.8 tor < 40 (10) 
“ 

Ja = 0.989 tor s50(10) 

Ja 1.82 (72) for DG < 100(22) 


». 0.19 for Ds'G <25 (18) 


**Je = 2.26 ( Pos!) “tor 620(21) 
“ 


Je = 1.251 (72°) tor 22S 62092) 
Ja = 1.625 (7 tor 22% 120,15) 
“ 
Ja = 0.687 tor > 120(15) 


= 1.97 (7%) for DG < 200( 8) 
me 


ue 


DG 


» 200( 8) 


log Ja = 0.7683 — 0.9175 log 
\2 
+ 0.0817 (0s Pat ) (41) 


*Ja is defined by Equation (5) 
is in mm 
**Dy’ is defined as where A» ix dry 
surface area for one packing unit. 
***Ja’ is defined following Equation (11/) 


The working equations proposed by 
the authors mentioned above are tabu- 
lated in Table 1 for purposes of com- 
parison. The lack of agreement shown 
in these correlations indicates the neces- 
sity of an analysis of the problem based 
on more fundamental considerations be- 
fore relationships valid for all systems 
can be derived. 

The factors determining the rates of 
mass transfer in packed beds are numer- 
ous and some of them are not susceptible 
to exact mathematical treatment. There 
is available, however, the Reynolds 
analogy between heat transfer and re- 
sistance offered to fluid flow by friction, 
and Colburn’s extension (4, 5) of this 
analogy to mass-transfer rates which 
permit the development of theoretical 
expressions for heat- and mass-transfer 
rates. For a better understanding of the 
analogy, the theoretical developments 
will be briefly reviewed. 

Osborne Reynolds (19) deduced from the 
molecular theory of fluids the laws for the 
transmission of heat and for the resistance 
offered by friction to the motion of the 
fluids. He stated that the rate of heat 
transmission depends on: “(1) . . . the 
thermal internal diffusion of the fluid when 
at rest and (2) the eddies caused by visible 
motion which mixes the fluid up and con- 
tinually brings fresh particles into contact 
with the surface. 

“The first of these causes is independent 
of the velocity of the fluid and, if it be a 
gas, is independent of its density, so that it 
may be said to depend only on the nature 
of the fluid. 

“The second cause, the effect of eddies, 
arises entirely from the motion of the fluid 
and is proportional to the density of the 
fluid, if gas, and the velocity with which 
it flows past the surface.” 
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The combined effect of these two causes 
was expressed in his formula 


H = a’At + b'puAt (12) 


where a’ and b’ are constants depending 
upon the nature of the fluid, At = #* —¢, 
the difference in temperature between the 
surface and the fluid, p the density of the 
fluid, w its velocity and H the heat trans- 
mitted per unit area of the surface in a 
unit of time. 

The resistance offered by friction to the 
motion of fluid was expressed by Reynolds 
in the formula: 


R = au + bpw- (13) 


Reynolds further stated that “ . various 
considerations lead to the supposition that 
a’ and b’ in (12) are proportional to a 
and b in (13).” 

Based on the same theory, mass-transfer 
rate also depends on the natural internal 
diffusion when at rest and on the eddies 
caused by the visible motion of the fluid 
which mixes the fluid and continually brings 
fresh particles into contact with the sur- 
face. Expressed in a formula: 


zw = a” AC + b"puAC (14) 


where AC = C* — C, the difference in con- 
centration of the diffusing substance between 
the surface and the fluid, and w is the mass 
transmitted per unit area of the surface 
of transfer in a unit of time. In this case 
also a” and 6” might be expected to be 
proportional to a and b. 

For fluid flow in a circular pipe of dia- 
meter D whose walls constitute the surface 
of transfer, the quantities H, K and w for 
a differential length dL of the tube can be 


expressed as: 


2/4) ) 
(15a) 
4 aL 
(156) 
(15¢) 


If a’ and b’ are proportional to a and b as 
Reynolds supposed, dividing Equation (13) 
by (12) and substituting Equations (15a) 
and (15) properly, will yield 


dt/dl _ _, dP /dl 


At (16) 


where 4 represents the proportionality con- 
stant and includes the heat capacity of the 
fluid c, so that A is dimensionless, i.e. 


Similarly, for mass transfer and pressure 
loss, from Equations (13), (14), (156), 
and 
aC dP /al 
=—94 17) 
AC ‘ 


where » represents the constant of propor- 
tionality of a and b with a” and 6”, ie 
y= a” b” 
a b 


To express the Reynolds analogy in 
words Chilton and Colburn (3) and Sher- 
wood (20) postulated: “The ratio of the 
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momentum lost by skin friction between 
two sections a differential distance apart to 
the total momentum of the fluid will be the 
same as the ratio of the heat actually sup- 
plied by the surface to that which would 
have been supplied if the whole of the fluid 
had been carried up to the surface.” This 
interpretation is erroneous in that it leads 
to an equality between dP/pu* and dt/At, 
which disagrees with the statement of Rey- 
nolds which specifically indicates a propor- 
tionality between a’ and }’ of Equation (12) 
and a and b of Equation (13), and leads 
to the proportionality expressed in Equa- 
tion (16) 

This misinterpretation of Reynolds’ argu- 
ment has apparently been generally ac- 
cepted even though Nusselt (10) had earlier 
demonstrated the analogy between heat 
transfer and pressure drop and found that 
the heat-transfer coefficient A( = H/At) 
irom the walls of a pipe to a gas flowing 
through the pipe was approximately pro- 
portional to the 0.786 power of the gas 
velocity, and under identical conditions the 
pressure loss was proportional to the 1.776 
power of the velocity. This observation led 
Nusselt to postulate that the difference in 
exponents should be unity, thereby leading 
to the expression : 


(18a) 


which is in conformity with the Reynolds 
supposition. Nusselt chose to correlate the 
heat-transfer coefficients in terms of the 
two dimensionless groups: Dup/u and 
cu/k where k is the thermal conductivity 
of the fluid. 


k D k D 
h ) +) (=*) 


(18b) 


His experimental results indicated that the 
pressure drop could be expressed as: 


Mu 


un ,/ Dup 
D 


Dup \"" 
1» 


(18¢) 


The observed values were: » = 0.85, n’ = 
0.786, and n” = 0.776. It was believed that 
n'==n", therefore a comparison between 
Equations (18b) and (18c) indicated that 
pthe proportionality constant of Equation 
(18a), ie., the analogy between heat trans- 
fer and pressure loss, is (k/cu)" which is 
identical to what is known as the Chilton 
and Colburn analogy for heat transfer (3) 
Nusselt further believed that n’ <n which 
enabled the combination of two dimension- 
less groups leading to the expression 


(18d) 


\ k 


The investigation of the later workers (14) 
did not indicate an equality between n’ and 
n. Equation (18b), however, is widely 
used (14) 

Prandt] (17) made a theoretical analysis 
of heat transfer and pressure drop in pipes 
and observed that the analogy arrived at 
by Nusselt is only possible if the conductiv- 
ity of the fluid is equal to the product of 
its specific heat and its absolute viscosity, 
cu, which is approximately true 
for gases. According to Prandtl, if & + cu, 
a mathematical solution to the problem is 
possible by making the following assump 
tions: (1) there exists a laminar fluid layer 
near the wall through which heat is carried 
by conduction alone, and (2) the remainder 
of the fluid body is the turbulent core where 
convection causes the heat transfer. His 
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theoretical development led to the following 
equation : 
D c 
[ k u“ 
(18e) 


If Equation (15a) is substituted into (18¢) 
and // is replaced by hAt, 


dt/dL 1 dP 
2 
\ kj 
(19) 
where us is the fluid velocity at the boun- 
dary between the eddy core and laminar 


layer, and u the average velocity of the 
main fluid stream. A similar transforma- 


tion of the Nusselt equation (18a) gives: 
cu 


at/dl = 
At 
(20) 


A comparison of Equations (19) and (20) 
with Equation (16) indicates that the pro- 
portionality constant 2 of the Reynolds 
theory is (k/cu)" according to Nusselt and 


1 
k/ u 
according to Prandtl. None of these ad- 
vancements is contrary to the Reynolds 
supposition. 

Extension of the Reynolds analogy to 
mass transfer is due to Colburn (4,5) and 
Chilton and Colburn (3). Colburn treated 
the problem of interphase material transfer 
through a gas in turbulent motion in a 
manner similar to that of Prandtl. The 
Colburn equation, when expressed for a 
differential length dL, is given by: 


dC/dL _ 1 _ 


2 
AC [1-(1- pu 
/ 
(21) 
The Chilton and Colburn equation of 
mass transfer is analogous to the Nusselt 
equation for heat transfer: 

dC/dlL 

AC 


( pDr \* dP dl. 

pur 

(22) 
where » was reported to be 2/3. From a 
comparison of Equations (21) and (22) 
with Equation (17), it is seen that the 
proportionality factor y is (pDr/u)*% ac- 
cording to Chilton and Colburn and 


pDr/ 
according to Colburn. 


The application of the analogy ex- 
pressed in Equation (17) to the data 
obtained for the gas flow inside tubes 
has been fairly successful. Its applica- 
tion to a packed column, a case widely 
encountered in practice, has not been 
demonstrated. Indeed, the possibility of 
an existence of a between 
pressure drop and mass-transfer rate in 
packed columns has been questioned by 
Gamson, Thodos and Hougen (1/0). It 
has been shown (6, 7), however, that 


correlation 
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the pressure loss through a packed bed 
follows Equation (13) set forth by 
Reynolds, and the constants a and b were 
found to be specific functions of frac- 
tional void volume and height of the 
bed, particle size, and fluid viscosity. It 
should be possible, therefore, to obtain 
theoretical equations formally relating 
heat- and mass-transier rates to pressure 
drop in packed columns. The simplest 
method of establishing an analogy would 
be to investigate the proportionality ex- 
pressed in Equation (17) and the nature 
of the factor y. 

For the sake of convenience it has 
been the custom to use the superficial 
fluid’ velocity based on the empty 
column, instead of the actual fluid ve- 
locity «; since u = U/e, where e¢ is the 
fractional void volume, its substitution 
into Equation (17) leads to 

dC /dL , 4P/dL 
—ye2 — 


= 3 
AC pl (23) 


To integrate Equation (23), it is neces- 
sary to know the variation of AC with L. 
There are two extreme cases which per- 
mit direct integration: (1) the fluid is 
completely mixed in the bed and (2) 
the fluid is not mixed. For the case of 
complete mixing, AC is constant and 
equal to C* — C, where the subscript 2 
refers to the exit concentration. Inte- 
gration of Equation (23) then leads to: 
where the subscript 1 refers to the con- 
dition at the entrance, and m at the 
average pressure. If there is no mixing 
along the length of the column, then 
ye (2%) 


In 
Pml m 


Usually (Cy — C,) /AC py, is used instead 
of In¢C* — C,)/(C* — Cg) which is in 
accord with the definition of AC; y ex- 
pressed in Equation (4). For the case 
of complete mixing, the plot of the left- 
hand side of Equation (24a) against 
AP /p,,U,* should give a straight line 
passing through the origin. The slope 
of the line is the proportionality factor 
y. For the case of no longitudinal mix- 
ing the same is true for Equation (240). 
Thus, such plots offer a means to ascer- 
tain which one of the cases a given 
system approximates and, at the same 
time, to investigate the proportionality 
factor. A study of the data of McCune 
and Wilhelm (175) indicated that their 
system approximated the case of no mix- 
ing of the fluid along the length of the 
column since a graphical representation 
of Equation (24b) rather than (24a) 
yielded a straight line. The slope y also 
was equal to pDy/p as required by 
theory. Unfortunately, however, most 
workers have not reported the pressure 
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drop with the mass-transfer data, and 
in the absence of any additional data 
which include pressure drop, it was 
necessary to calculate the expected 
pressure drop from the general pressure- 
drop equation presented earlier (7) : 
l1—e)? pl 
3 GD,? 


{ 
150 


+ 175—*- (25) 
Studies of the data of Gaffney and 
Drew (8) and Hobson and Thodos 
(11) indicated no mixing and that the 
proportionality factor y is pDp/p. The 
substitution of pD,/p in place of y in 
Equations (24a) and (246) results in 
pDpy C*—Cy 
(26a) 
and 


2 


— =e ap 
pDp 


= 

(26b) 
for cases of complete mixing and no 
mixing, respectively. The evaluation of 
mass-transfer rates independent of 
pressure drop requires that the pressure 
drop be eliminated from Equations 
(26a) and (26b) by the use of Equation 
(25) resulting in: 


‘va 
L pD,p C*-C, 


_ 


+ 1.75 


(27a) 


for the case of complete mixing, and 


D, 


L 1—e pb, 


1 

c*—C, 
p(l—e) 


= 150 ; 
D,G 


+175 (27b) 
for the case of no mixing. The forms 
of Equations (27a) and (27b) are 
similar to that of the friction factor 
introduced in an earlier paper (7): 


The unintegrated forms of the left-hand 
sides of Equations (27a) and (27b) are 
the same, and if represented by J,t then 


€ 
p(l—e) 
D,G 
(28) and (29) it is 


dC 
ac 


= 150 +175 (29) 


From Equations 
seen that 
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Figs. 4 (above), 5 (middle) and 6 (below). Mass-transfer rates into liquid streams in pocked beds. 


Solid lines are the plot of [ 150 o4 175). 
Re 


J=f;, (30) 


Data of McCune and Wilhelm are 
presented graphically in Figure 3 by 
plotting 


vs. € 
pD c*—Cs 


according to Equation (26b). It is seen 
that there exists a one-to-one corre- 
spondence between the coordinates. 
Since the data of the other workers dis- 
cussed in earlier paragraphs did not in- 
clude pressure drop, a similar represen- 
tation of their data is not possible. They 
are, however, plotted in Figures 4-8 
according to Equation (27b). In these 
figures the points are the plot of the 
left-hand side of Equation (276) vs. 
D,G/u(1 —«) and the solid lines 

w(l—e) 
The points represent the experimental 
data and the line the analogy. Thus the 


applicability of the analogy to the ex- 
perimental data is tested. Figure 9 


+ 1.75 | vs. 
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Ne. 


shows a plot of data for pressure drop 
in packed beds. In Figure 10 the data 
presented in Figures 4, 6 and 8 are 
grouped * for the purpose of comparison 
with Figure 9. In both figures the solid 
lines are identical with those in Figures 
4-8. A close study and comparison of 
Figures 9 and 10 indicate that a simple 
and theoretical analogy exists between 
pressure drop and mass-transfer rate 
into liquid streams in packed columns. 

Application of the analogy just shown 
for the liquid streams to the reported 
data for gas streams in packed columns 
has not been successful largely because 
of the deficiency and uncertainty of the 
data. Analyses of the data based on the 
assumption that no longitudinal mixing 
occurs indicate that the proportionality 
factor y is of the order of magnitude 


* Data of Figure 7 are excluded in 9 be- 
cause of their wide deviation which may be 
attributed to influence of free convection, 
circulation, streaming and header effects 
discussed by authors. For n-butanol-suc- 
cinic acid system, the influence of these fac- 
tors and other disturbances are no longer 
negligible. 
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Fig. 7 (above) and Fig. 8 
(below). Mass-transfer rates 
into liquid streams in 


4 + $+44442 


— 


packed beds. 


Solid lines are the 
plot of 


- — = 
OF HOBSON THODOS 


[ 150 178] 
Ne. 


Ne. 


Sc + 066 
Ketone, Sc+ 776 


vs. 


1 pDp 
10 p 

The exponent » of the Chilton and Col- 

burn factor would be negative for 


< 
pDy 


and positive for 


pDp 

if the mass-transfer data reported are 
to be compared with the reported or 
expected pressure drop (Equation 
(24b)). Moreover, the absolute value 
of nm would be much larger than unity. 
In order to apply the Colburn factor to 
bring about a comparison, for all posi- 
tive values of u,/u it is necessary that 
»/pDy be greater than unity. For the 
naphthalene air system of Hurt, for ex- 
ample, n/p)» is reported to be 1.84 and 
based on this figure the value calculated 
for u,/u exceeds 40. Data of Gamson, 
Thodos and Hougen (10), Wilke and 
Hougen (22), Hurt (12), and Resnick 
and White (78) are shown in Figure 11. 
The line above is the plot of 


(1—e) 
5 


D,G 
p(l —e) 


+ 1.75 


and the lines below are the plots * of 
the left-hand side of Equation (276) 
vs. D —e). 


bd For gases, partial pressure p is used in 
place of concentration C. 
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These lines were either obtained from 
separate plots by drawing best lines or 
were calculated from the equations given 
by the authors. Sections of the lines 
calculated from the equations are dotted 
if not covered by the original data. 
Wherever the fractional void volumes 
were not reported, a value 0.4 was used 
for « to make the graphical representa- 
tion possible. 

Before attempting to draw an adverse 
conclusion for the inclusion of the gas 
streams in the analogy, the deficiency 
of the data reported for the gas phase 
must be considered. Data of Gamson, 
Thodos and Hougen and those of Wilke 
and Hougen are too uncertain with re- 
spect to the surface area available for 
mass transfer, the bed height and the 
fractional void volume. Data of Resnick 
and White are inconsistent and show no 
significant correlation on any theoretical 
ground. Although the data of Hurt do 
not include pressure loss nor the frac- 
tional void volume, they show consis- 
tency and permit analysis. The first 
analysis made was for the purpose of 
determining which one of the cases the 
system approximated, i.e., no mixing or 
complete mixing. According to Equa- 
tion (27a), for a system with complete 
mixing the plot of 


should yield a straight line with a 
positive slope and intercept (every 
other factor being fixed for a system 
at constant temperature and pressure). 
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For systems where no 
mixing occurs, the plot of 
c*—C 
In = 
Cc -C, 2 G 
should yield a straight line according to 
Equation (276). For systems where 
partial mixing occurs, a plot of 
1 
AC G 
should result in a straight line if AC’s 
are chosen properly. Values of AC 
should lie between C*—C, and AC;y 
which are the limiting conditions, i.e., 
C*—Cy< SC <AC;y. For the naph- 
thalene-air system of Hurt, plots of 
vs. : 
— Ps G 


yielded straight lines 


longitudinal 


whereas plots of 


In vs. 4 

G 
definitely exhibited curved shapes as 
seen from Figures 12 and 13. The fore- 
going treatment establishes that the ex- 
periments of Hurt with gas streams 
involved complete mixing. Therefore, 
Equations (26a) or (27a) should be 
used. Also, on this basis, it can be con- 
cluded that the gas streams in shallow 
beds involve complete mixing. Conse- 
quently, the use of the J, factor and Hy 
as defined respectively by Equations (5) 
and (10) is basically improper. These 
quantities imply piston flow which is not 

always true for gas streams. 

Data of Hurt are presented in Figure 
14 according to Equation (27a). The 
points represent the experimental data 
and the line is identical with those in 
Figures 4-10. The experimental points 
fall below the line by a factor in the 
neighborhood of 5. It is not the present 
intent to blame the experimental data 
for the deviation. Data of Hurt are 
gratifying for the opportunity they 
permit for understanding the mechanism 
of mass transfer into gas streams. The 
following points, however, do not fail to 
attract attention : 

1. The reported value of «/pDr by Hurt 

for the diffusion of naphthalene into 
air is 1.84, whereas for the same sys- 
tem a value of 2.39 is given by Resnick 
and White. 
The recorded values for the vapor 
pressure of naphthalene are higher 
than those calculated from the Inter- 
national Critical Tables (13) which in 
turn are different from those reported 
by Resnick and White. The differ- 
ences are not msignificant; im fact, a 
different set of vapor pressure data 
will bring the experimental points of 
Figure 14 above the solid line. 

It may seem futile to arrive at definite 
conclusions for the extension of the 
analogy to gas streams until consistent 
data are available which include infor- 
mation about pertinent variables. Liquid 


May, 1952 


2 
100 
+-+ 
| i | 
el 
| | | | 
a 2 | | | 
w 
= 100 -= | 
=. +o 
4 © weter— Merny 
7 —+— 4-4 ttt 
ker, 
I-€ 
; 
|) 
4 
| 
f 
ae 
1 ‘7 | vs. 
; Cy 1 
C*—C, G 


and gas streams, however, should be 
treated alike and the variables concerned 
should be evaluated on comparable bases. 
This is especially true for calculation of 
the Schmidt number. As pointed out by 
Gaffney and Drew, the diffusivities re- 
ported may not have been calculated on 
the same basis for liquids and gases. 

In the treatment thus far, the mass- 
transfer factor J has been given prin- 
cipal consideration. The treatment also 
makes possible the development of a 
theoretical expression for the mass- 
transfer coefficient, ky, analogous to 
heat-transfer coefficient, h: by definition 


kyM,, = : (31) 


From Equations (14) and (31): 
kyM,, = a” + b” pu (32) 

Evaluation of the constants a” and 6” 
from their relation to a and b of Equa- 
tion (13) and from Equation (25) 
gives the following: 
_ 150 pw Dyp (33) 

6 € D, 
1.75 


” 


b” = (34) 
From Equations (32)-(34) it is evident 
that the mass-transfer coefficient kp is 
linear with respect to mass flow rate. In 
Figure 15 this is demonstrated by use 
of the data of Wilke and Hougen (22). 
Since in this data D, and ¢€ were varied, 
it was necessary to include them in the 
coordinates in order to eliminate the 
effect of their variation as required by 
the above equations. 

The justifications for introducing the 
new general definition of the mass- 
transfer factor proposed in this paper, 
aside from the ease it permits in esti- 
mating the transfer rates, are: (1) it 
makes possible a general representation 
of data and (2) it demonstrates an 
analogy to pressure drop and heat trans- 
fer. The transformation of the J, fac- 
tor which is shown in Equation (6) and 
the new mass-transfer factor, J, repre- 
sented by Equation (29) differ by 


\* 


+. 


co OMAN @ WATSON 


f= 754150 


= 


+444 


Pressure drop in packed beds. 
identical with those in Figs. 4-8. 
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. 10. Mass-tronsfer rates into liquid streams in pocked beds. 
Solid line is identical with those in Figs. 4-8. 


Fig. 11. Mass-transfer rates into gos streams in 
pocked beds§ 


The line above is the plot of 


Nae 

(1) Date (10) 

(la) Extrapolation of (1) according to Equation 
(11b) 


(2) Date (22) 

(2a) Extrapolotion of (2) according to Equation 
(Ve) 

(3) Data (12) 

(4) Date (18) 


Wherever « has not been recorded o valve 0.4 
has been used. 
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Fig. 12. Plot of InP” vs.1/G for date (12). 


According to Equation (27b), these plots 

should result in straight lines for systems 

involving piston flow of the fluid. The 

figure indicates that piston flow is not the 
case. 


in the coefficient.* This difference in 
itself would not be too serious in that, 
if the latter equation demonstrates an 
analogy, it would then be readily ac- 
cepted and even considered to be a 
modification of the former. The differ- 
ence between these two equations, how- 
ever, is not merely a readily adjustable 
coefficient. The Jy factor requires that 
there be no longitudinal mixing of the 
* The figure 6 in the coefficient is irrele- 
vant in the discussion since it is introduced 
jor purposes of definition. 


10 20 30 40 50 


1000 
G 


Fig. 13. Plot of P2—P' vs. 1/G for data (12). 
p* — pz 


Straight lines are obtained in accordance 
with Equation (27a) which indicates com- 
plete mixing of the fluid in the bed. 


fluid, which has been shown not to be 
true for gas streams. In this respect 
Equation (29) is not limited. Its inte- 
grated forms for the limiting conditions 
have been shown in Equations (27a) 
and (27b). 

Whether a _  mass-transfer factor 
should contain «/1 —e as in Equation 
(29), or 1/1—.e as in Equation (6), 
or some other form of dependency upon 


100 


DATA OF HURT 
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Fig. 14. Mass-transfer rates into gas streams in packed beds for systems involving complete mixing 
of the gas stream. Solid line is identical with those in Figs. 4-10. 
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€ is subject to question. The answer 
might be given in the light of an analy- 
sis of the equations from the standpoint 
of fluid dynamics: by definition 


(35) 


where S,, is the specific surface of the 
solids, i.e., surface per unit volume of 
the solids, 
S; 
(36) 
AL(1—e) 
S;, being the total surface of the solids 
in the bed and 4 the cross-sectional area 
of the empty tube. The ratio of the 
volume occupied by the fluid in the bed, 
ALe, to the total surface wetted, S,, is, 
according to Carman (2), analogous to 
the definition of the hydraulic radius, r, 
Ae 
= (37) 
S/L 
Ae being the free cross-sectional area 
and S,/L the wetted perimeter. Substi- 
tution of Equations (36) and (37) into 
(35) leads to 
l—e 
D, = 6r,, (38) 
Eliminating D, from Equations (29) 
and (6) in favor of r, 


It is seen that Equation (29) is in con- 
formity with the concept of hydraulic 
radius, whereas Equation (6) is not. 
This is expected because the pressure- 
drop equation used in the derivation of 
Equation (29) employs the concept of 
hydraulic radius. The Kozeny equation 
and the Blake plot for pressure drop are 
similar in this respect. 

Another peint of controversy lies in 
the graphical representation of a mass- 
transfer factor. Gaffney and Drew 
recommended the plot against D, pl’ /pe, 
the justification being that U/e is the 
true average fluid velocity, u, in the 
packed bed. Earlier workers used the 
simple form D,pl’/p without taking 
into account the effect of « on the 
abscissa. In the present work, according 
to Equations (27)-(29), it is required 
that the J factor be plotted against 
D,pU /p(1—e) in order to obtain a 
general graphical representation. Here 
again the dispute is about the effect of €. 
Eliminating D, from these three forms 
of the Reynolds number and substituting 
u for U’/e will lead to 


De (ale) 
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r,pu 


(41c) 


These transformations indicate that only 
the last form is in accordance with the 


d 
definition of the Reynolds number using Fig. 15. Relationship of 
hydraulic radius (14). mass-transfer coefficent w|? oss 
As an aid to the comprehension of the with flow rate. = oF p 
potential application of the treatment (Data on diffusion of a vd 
given here, the charts shown in Figures water into air streams 0.02 - 
16-18 have been prepared for isothermal (22).) 
systems and/or for systems to which an 
average effective temperature can be 0.01 
assigned. In engineering calculations 
the desired result is often the frac- 
tional mass transfer, usually referred 
to as the fractional recovery, i.e., ° = = 
(Cy—C,)/(C*—C,). Although the 


fractional recovery can be calculated 
irom the J factor, a two-fold devia- 
tion in the value of this factor, for 
example, may amount to only a 10% 
change in the fractional recovery. For 
the sake of simplicity, substitutions of 


to the lack of knowledge of fundamental 
relationships in fluid flow in packed beds 
and to a widely accepted misinterpreta- 
tion of Reynolds’ argument. In a prev- 


tina ious article (7) fluid flow in packed 
X= + 1.75 (42a) columns was studied and fundamental 
equations developed. In the present 
and work, the existence of analogies between 
z= D, « m (42b) mass-transfer rate and pressure loss has 
6L 1—« pD,y ng been demonstrated and general equations 
formally relating mass-transfer rate to 
into Equations (27a) and (27b) and 
variable pertaining to packed columns 
proper transformations lead to sts 
have been developed. 
(43) Relatively simple equations have been 
c*—C, 6Z derived for the mass-transfer factor, the 


1+ mass-transfer coefficient and the frac- 
tional recovery of solutes for isothermal 


for the case of complete mixing and to systems and/or for systems to which an 


C.-C _ 2 average effective temperature can be 
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Dy = 
D, = effective diameter of gran- 


Notation 


coefficients in Equations 
(13), (12), and (14), re- 
spectively 


cross-sectional area of the 
empty column 
coefficients in Equations 


(13), (12), and (14), re- 
spectively 

specific heat of fluid 

concentration of solute in 
main stream 

equilibrium concentration of 
solute in stream 

diameter of column 

coefficient of diffusion 


ular solids as defined by 
Equation (35) 


in Figure 16 for the case of complete 
fluid mixing and in Figures 17 and 18 
for the case of piston flow. The lines 
of Figure 16 are calculated from Equa- 
tions (42a) and (43) and those of Fig- 
ures 17 and 18 from (42a) and (44). 
Figure 17 covers the region of higher 
values for the parameter and Figure 18 
covers the lower. These charts furnish 
a simple means of evaluating the effects 
of simultaneous changes in several of 
the process variables and in determining 
the optimum operating conditions. 


Summary 
Rates of heat transfer and diffusion 
in flow systems are closely related to the 


dynamics of flow. This was first in part 
postulated by Osborne Reynolds. The 
absence of generally valid relationships 
in the literature for heat and mass trans- 
fer in packed systems can be attributed 
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Fig. 17. Mass-transfer rates into fluid streams in 
Chart prepared from Equations (42a) and (44) for values of Z, 


fe 


G 


Fig. 18. Mass-transfer rates into fluid streams in packed beds i 


= friction factor as defined by 


Equation (28) 


= pl’, the mass flow rate of 


fluid per unit cross-sec- 
tional area of empty col- 
umn 


= coefficient of heat transfer 
= heat transfer rate per unit 


area of transfer surface 


= height of a transfer unit as 


defined by Equation (10) 
new mass-transfer factor as 
defined by Equation (29) 


= mass-transfer factor as de- 


fined by Equation (5) 
thermal conductivity of fluid 
coefficient of mass transfer 


= height of packed bed 
= mean molecular weight of 


fluid stream 


D, 
, Reynolds number 


= number of transfer units as 


defined by Equation (8) 
partial pressure of solute in 
gas streams 


packed beds i: 


4600 234 6 


Th 


= specific 


g no | mixing of fluid. 
the parometer, from 1 to 1000. 


vapor pressure of solute 
absolute pressure in column 


= hydraulic radius for packed 


bed as defined by Equa- 
tion (37) 

resistance offered to fluid 
flow (Equations (13) and 
) 
Schmidt number 

pDyp 

total geometric surface area 
of solids in bed 

surface of solids, 
i.e., surface per unit solid 
volume 

temperature of fluid 

temperature solid-fluid 
boundary 

actual average velocity of 
fluid stream 

u calculated at average of 
end pressures 

fluid velocity at boundary 
between eddy and laminar 
layers 

ue, superficial fluid velocity 
based on empty column 


~ 


Uli-€) 


| mixing of fluid. 


g no longitudi 
Chart has been prepared from Equations (42a) and (44) for values of Z, the parameter, from 0.1 to 4. 


Page 236 


Chemical Engineering Progress 


Subscripts 1 and 2 


1. 
> 


. Chilton, T. H., 


. Colburn, 


. Gaffney, 
. Gamson, B. W., 


. Gamson, B. W., Thodos, G., 


. Taecker, R. G., 
. Wilke, C. R., 


U calculated at average of 
end pressures 
mass-transfer rate per unit 
transfer area (Equations 
(14) and (15c)) 
= dimensionless parameter 
(Equation (42a) ) 
dimensionless parameter 
(Equation (42b)) 
proportionality constant of 
Equation (17), dimen- 
sionless 
C* —C, at any section 
= log mean AC as defined by 
Equation (4) 
P,—P,, pressure loss in 
column 
= fractional void volume in 
packed bed 
= proportionality constant of 
Equation (16), dimen- 
sionless 
isolute 
stream 
p = density of fluid 


of fluid 


viscosity 


designate entrance 
and exit conditions, respectively. 
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QUESTIONS ASKED BY ENGINEERS 


On Employment and Careers 


HY is it that engineers when fac- 
ing technical problems will use all 
their analytical techniques, but when it 
comes to social or economic problems, 
will abandon the analytical skills of the 
engineering approach ? 

Decisions affecting a future way of 
life need all the skills and consideration 
that one can muster. A real problem 
facing graduating engineers is a choice 
of jobs or a choice between a job and 
graduate work. Too often these de- 
cisions are made haphazardly; the 
student has not had the initiative to 
find out as much as he could about the 
various opportunities befitting his abili- 
ties and talents. The American Institute 
of Chemical Engineers, through its Stu- 
dent Chapter Committee, proposes an 
active program on “Employment and 
Careers,” and will welcome discussion 
on its various problems. 

In a recent article on employment and 
careers for mechanical engineers, R. E. 
Peterson presented a set of answers to 
an American Society of Mechanical 
Engineers student query of 13 ques- 
tions (9). Discussions of this type can 
do much toward encouraging students to 
think about the decisions they need to 
make following their graduation, 
though for many, the military program 
will lead to an effective postponement 
in their choice of a career. The set of 
questions below has been prepared for 
chemical engineering students and each 
question is discussed briefly so as to 
suggest expansion by the student chap- 
ter programs. No pat answers or lofty 
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advice should be applied, and neither 
should students be led. The questions 
and answers should stimulate further 
discussions on the importance of making 
the right decision in selecting a job. 


What are the job opportunities? 
Job opportunities are excellent, for the 
supply of engineers falls considerably 
short of even minimum demands. Sur- 
veys made by the Engineering Man- 
power Commission of the Engineers’ 
Joint Council (35) strongly emphasize 
the critical shortage of engineers. Un- 
fortunately, almost half the June, 1951, 
class of about 38,000 engineering grad- 
uates was claimed by the R.O.T.C. and 
reserve programs, and by the Selective 
Service System. For the remaining 
19,000, there were some 80,000 job op- 
portunities, exclusive of military needs. 
Thus the actual unfilled demand is more 
than 60,000; and the situation is ex- 
pected to become steadily more critical 
in the next few years, for graduating 
classes will undergo marked reductions. 
Present estimates of graduates are 
26,000 in 1952; 17,000 in 1953; and only 
12,000 in 1954. 

From these figures relating to the 
shortage oi engineers, the situation per- 
taining specifically to chemical engineers 
is even more acute. Chemical industry 
has been growing at a much more rapid 
rate than any other industrial branch. 
Lux (8) estimates that the shortage of 
chemical engineers is at least 12,000, 
and in the next three years might con- 
ceivably rise to a high of 25,000. In- 


Electric Co. 


Herbert S. Isbin, assistant professor, chemical engi- 
neering department at the University of Minnesota, 
Minneapolis, was graduated from the University of 
Washington in 1940. Following graduate work at 
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joining the staff at the University of Minnesota in 1950 
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Present interests in nuclear reactor de- 
velopments and association with the Argonne National 
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stead of meeting this shortage by in- 
teresting more students in the field, the 
per cent enrollment in chemical engi- 
neering compared to other branches of 
engineering indicates a downward 
trend (8). 


What are present salary starting 
offers? Understanding of the present 
market is rather involved. Although the 
supply of engineers is becoming increas- 
ingly short, starting salaries must be 
aligned with wages now being paid to 
present employees. On the other hand, 
some companies with government re- 
search and development contracts find it 
necessary to pay higher wages to attract 
the desired number of engineers. Oper- 
ations dependent upon military and 
\.E.C. funds are considered, in some 
instances, to be relatively short-lived. 
Thus, as expected, a considerable range 
of starting salaries is to be found. How- 
ever, an intelligent applicant will con- 
sider, in addition to salary, other fea- 
tures such as the attractions of a stable 
operation, future opportunities, type of 
job, location and climate, and fringe 
benefits. The following set of salaries 
may be considered typical, with the 
upper limits being paid by organizations 
working on government contracts or for 
a 6-day week: B.S., $325 to $350, M.S., 
$350 to $400 (including some 5-yr. 
B.S.’s), and Ph.D.’s $475 to $550. 


What are salary expectations? Sal- 
ary surveys are often presented to indi- 
cate the general trend of salaries with 
years of experience. The same critical 
judgment should be exercised in inter- 
preting salary surveys as is applied in 
evaluating an engineering test or ex- 
periment. For example, the engineer 
should inquire how the salary data were 
obtained and correlated, were super- 
visors included, how years of experience 
were interpreted? With this note of 
caution, some results of the Los Alamos 
1950 National Survey of Professional 
Scientific Salaries are presented in Fig- 
ures 1 and 2 (12). This survey, though 
now relatively old,* is noteworthy in that 


~ © Los Alamos has released results of its 
1951 survey (13), indicating similar trends. 
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in the survey of some 27,(00 profes- 
sional scientific personnel employed in 
research and development laboratories, 
no employees with major supervisory or 


cluded 


administrative responsibilities were in- 
supervisor 
salaries, typical of many surveys, would 
have distorted the general findings. 


‘he inclusion of 
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i Fig. 1. Comparison of B.S. salaries by general field of employment (1950 N | Survey of 
Professional Scientific Salaries) (12) 
TABLE 1.—DISTRIBUTION OF CHEMICAL ENGINEERING GRADUATES 
General Type of Industry Function 
% 
Manufacturing. -. 82 Chemical and Allied In Technical Administra- 
Personal Services (includ dustries 45 -82 
ing consulting) ‘ 7 Petroleum 17 Development | 
Education 5 Food Products ' Applied Research ...14 
Rubber 4 Design 11 
Iron and Steel ; Teaching 5 
Operation 
Consulting 2.6 
TABLE 2.—FUNCTION OF ENGINEERS IN PRIVATE EMPLOYMENT 
PhD MS B.S 
Administration-technical 29.2 30.1 29.1 
Design 74 14.8 17.3 
Development 10.0 10.7 9.3 
applied 19.9 10.8 5.5 
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Figure 1 is the comparison of B.S. 
(including M.S.) salaries for scientific 
personnel in the fields of employment 
designated as private industry, govern- 
ment, A.E.C. contractors, and research 
institutes and consultants. The weighted 
least square line for the combined ficlds 
of employment is: Dollars a month = 
303.35 + 15.21 (years since B.S. 
gree). 

A similar set of curves is presented 
for Ph.D. salaries in Figure 2. The 
weighted least square line? for the 
Ph.D.’s is: Dollars a month = 387.86 + 
15.32 (years since B.S. degree). The 
salary differential between the Ph.D. 
and B.S. is practically constant and 
represents about $85 a month. The fig- 
ures indicate that for both B.S.’s and 
Ph.D.’s, salaries are generally high for 
private industry, whereas government 
salaries tend to be low after B.S. plus 10 
years. 


de- 


Other interpretations of the survey 
were that the geographical influence on 
B.S. salaries was probably not so impor- 
tant as the factors of size and type of in- 
dustry ; and salaries are somewhat higher 
in large research staffs (more than 500) 
and lower in the smaller ones (25 to 50 
category). The survey should be con- 
sulted for more specific data on types 
of industries and other conclusions. 

Figures 1 and 2 represent salaries for 
scientific personnel employed only in re- 
search and development. In considering 
a salary future it must be remembered 
that, in the past, industry placed greater 
value on organizing ability than on tech- 
nical ability. The money-earners have 
been the supervisors and executives, and 
not the research men. This emphasis 
will probably continue, even though 
there is a trend in some companies to 
pay due rewards for technical achieve- 
ments, 


What types of jobs are available? 
This question can be answered in part 
by presenting a general picture of the 
distribution of chemical engineers in in- 
dustry. Tables 1 and 2 are taken from 
Sherwood’s discussion on “What do 
chemical engineers do after they leave 
college?” (11) These figures were 
mainly derived from a 1946 survey and 
not include recent expansions in 
atomic energy work, jet propulsion and 
guided missile work, etc. 


do 


Is graduate work recommended? 
Two extremes may be given. There is 
but one answer for students who are 
capable and have a genuine interest in 
research: graduate work is strongly 
recommended. An examination of Table 
2 reveals that the percentage of Ph.D.’s 


+ Though it may be customary to repre- 
sent the salary data by a straight line, the 
actual data lie above the weighted least 
square line in the middle portions, and 
below at the two ends. 
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in applied research is about twice that 
of the M.S., which, in turn, is about 
twice that of the B.S. The ratio of the 
percentages is even higher for the field 
of basic research. In contrast, students 
whose abilities are more strongly fo- 
cussed upon gaining financial advantage 
would do equally well without taking 
graduate work. It is interesting to note 
that the opportunity of becoming an 
executive does not appear to be en- 
hanced by obtaining advanced degrees, 
as shown by the nearly equal percent- 
ages listed for administration-technical. 

Actually, many students will not know 
which choice will be to their best in- 
terests. Interviews with the college staff 
and employers will help formulate de- 
cisions, and certainly participation in 
student chapter programs on this subject 
will help to clarify the issues. A bal- 
ance needs to be made of the monetary 
returns and of the satisfactions to be 
derived from the type of work. For 
example, from a purely practical ap- 
proach, the economic advantage of an 
M.S. degree has not been established; 
however, it is well to note that the 
additional training in the fundamentals 
and in the special fields well may preve 
to be of marked technical advantage, 
and can lead to increased pride in 
accomplishments. 


How does one choose a job? Where 
as, in past years, the emphasis was on 
getting a job, the present situation 
brings its problems on what job to ac- 
cept. The choice of positions will be a 
major decision, but probably not so im- 
portant as choosing a wife, as Bailar 
points out. His advice (1) is to be 
honest with yourself and try to weigh 
accurttely the combination of talents 
that Figure 3 serves to 
illustrate the general approach for self- 
appraisal and suggests the types of jobs 
to match one’s skills. It is not the intent 
that the diagram be taken too literally. 
An excellent set of discussions on job 
careers will be of considerable 
aid to seniors appeared in Chemical and 
Engineering News in 1950, and is now 
available in book form, “Careers in 
Chemistry and Chemical Engineering,” 
published by the American Chemical 
Society. 

Although the emphasis of this answer 
has been on the evaluation of one’s 
skills, other factors mentioned pre- 
viously, such as salary and job oppor- 
tunities, will play important roles in the 
selection of a job. 


ou do possess. 


which 


How do employers look upon grades 
and outside activities? (ood grades 
will always be desirable and are to be 
encouraged, but not at the expense of 
complete absorption in school work. 
Most progressive companies will not 
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SCHOLASTIC INTEREST AND APTITUDE 


INTEREST IN AND ABILITY TO HANDLE PEOPLE 


Fig. 3. 


consider grades alone as the determining 
basis for offering a student a job. They 
are interested in evaluating students by 
their performance in school work along 
with other interests and activities. A 
proper balance in distributing effort jn 
studies, activities and outside 
will be to the best interest of 


academic 
interests 
the student. 


What do employers look for? “The 
employer wants an employee who pos- 
sesses the physical, mental and personal 
qualities essential to a satisfactory com- 
pletion of the task for which he is 
hired.” Scott (J) recognizes that this 


answer is more easily stated than ac- 


Interest in and ability to handle people. (1) 


Positions may involve tech- 
and 
such cases, the 


complished, 
nical, administrative, 
sales abilities. In many 
nature of the requirements for the posi- 
tion is sufficiently complex to overrule 
any one qualification as being the deter- 
mining factor. In fact, even after the 
personal interview, receipt of transcript 
and letters of recommendation, the em 
ployer may still have to guess the candi- 
date’s possibilities. The employer jand 
the student as well should try to minim 
ize the extent of the gamble involved in 
job selection and acceptance. 

It is of interest to note what personal 
characteristics were considered most de- 
ior certam types 


supervisory, 


sirable by executives 


' average 
ex 847. vertical bor 
RS 4- bad | Covers the most 

4 
5- of the rankings of 

Reterernce Liane 
Agreement) 

Courtesy; Engincers’ Council for Profesasonal Development 
Fig. 4. Executive rating of desirable personal choracteristics for general engineering. (EPCD 
Subcommittee on Student Develop b 1948 (3).) The major personelity groups are 
in accordance with the ratings. For exemple, 80% of the respond listed “ gent” os their 


first or second choice, and 93% listed “physically acceptable” 


as their fifth or sixth choice. Each 


of the six characteristics per group is listed in order of its meon rating. 
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of positions. An approach to the prob- 
lem of exploring and analyzing opinions 
on personal characteristics for engineers 
was carried out by the Subcommittee on 
Student Development of the Engineers’ 
Council for Professional Development 
(3). The survey was made with “the 
purpose of sensitizing the younger men 
to the opinions which their future em- 
ployers entertain about matters of per- 
sonality.” Six groups were chosen to 
represent the main personality charac- 
teristics: organizationally acceptable, 
emotionally acceptable, physically ac- 
ceptable, dynamic (professionally ener- 
getic, drive), dependable, and intelligent 
(mentally endowed). These groups 
were rated one to six (one being first 
choice) for general engineering and for 
four functional subdivisions: research 
and invention, design and construction, 
production and management, sales and 
distribution. Each of the major groups 
contained six characteristics which were 
in turn rated from one to six. Ratings 
were made by executives, administra- 
tors, faculty, personnel officers and 
student groups. Figure 4 represents the 
results of the ratings by executives for 
general engineering. The personality 
groups considered most desirable are: 
intelligent, dependable, organizationally 
acceptable and dynamic, and the most 
desirable applicants are clear-thinking, 
imaginative, truthful, reliable and co- 
operative. The report should be con- 
sulted for discussion of the other rat- 
ings. 

As Scott points out, it will be to the 
best interests of the student if he seeks 
a job with “complete naturalness and 
sincerity.” In this way an employer can 
readily determine the applicant’s per- 
sonal characteristics. 


How do large companies compare 
with small ones as places to work? 
The general impression that students 
usually acquire is that in working for 
a large company, the engineer loses his 
identity and becomes one of the mass. 
Actually, this should be far from reality, 
for it is definitely to the advantage of 
any size company to know and keep tab 
on the “promising young men.” Com- 
pany size in most cases need not be a 
determining factor in job selection. 
Probably more important than size of 
company is the spirit of the company. 
It is important for the student to dis- 
cover as much as he can about the spirit 
of the company. Typical questions that 
the student should ask are as fol- 
lows :(1) 

Are the technical men happy in their 

work? 
Do they 

other ? 
Are their wives happy? 
What is the rate of turnover in the tech- 
nical group? 


enjoy the company of each 
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What are the advantages of a com- 
pany training program? For some stu- 
dents who have not formulated specific 
job interests, company training pro- 
grams will be found to be of definite 
advantage in clarifying their concepts of 
research, development, manufacturing, 
etc. Many industries have found that 
the system of rotating assignments dur- 
ing the first years is a sound program 
in attempting to place the right man in 
the right job. 


What does industry expect from the 
engineering graduates? A measure of 
success will be the ability to “get things 
done.” Furthermore, the manner of 
accomplishment is important: industry 
demands that its engineers get things 
done in a manner largely dictated by the 
economic nature of the assignment. Ob- 
jectives of the assignment may be long- 
range, but most commonly are short- 
range, for seldom can industry afford 
the luxury of a research and develop- 
ment program keyed to detailed perfec- 
tion. An appreciation of factors of the 
assignment formulation, “what, how, 
who and when,” and experience in exe- 
cution are the kinds of training that 
students will do well to acquire (6). 
Schools may teach only engineering 
competence, which is just one of the 
qualities needed to get a job done. Thus, 
the transition from an academic en- 
vironment to an industrial exploitation 
may not always be smooth. 


What are some aids for professional 
development? Participation in one’s 
professional societies is one of the im- 
portant steps in professional develop- 
ment. In fact, many companies recog- 
nize that it is to their own advantage 
to encourage their engineering em- 
ployees to participate in the programs 
of the local sections and national Insti- 
tute. Students now have the opportunity 
of becoming student members in the 
A.LCh.E., and through their student 
chapter and local A.I.Ch.E. section can 
take advantage of the professional 
guidance and inspiration offered by the 
programs and publications of the Insti- 
tute. Student membership facilitates and 
encourages the transition to Junior 
membership. The growth in the strength 
and importance of the Institute will be 
dependent largely upon the support and 
interest engendered in the students and 
young graduate engineers. An impor- 
tant guide for development during the 
early years of an engineer’s life has 
recently been published by Engineers’ 
Council for Professional Development 
as part of the work of the Training 
Committee (4). 


What are the engineer's obligations 
to society? Society expects more than 
just a technical performance from the 
engineer starting his professional 
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career. Though one might consider his 
performance to be of little or no conse- 
quence toward improving our way of 
life, there exists, certainly, a strong 
challenge for men of vision and courage. 
Prof. W. K. Lewis once pointed out 
that “in the early days of our country, 
the primary function of the engineer 
was to increase production, while today 
the engineer not only must do this but 
also must deal effectively with the hu- 
man problems of industry which are 
currently its most important and difficult 
problems (7).” An engineer can make 
more worthy contributions to society if 
he views the needs of society as a whole 
rather than if he confines his perspec- 
tive to special interests. In regard to the 
professional conduct expected of engi- 
neers, the student will find in the 
“Canons of Ethics for Engineers” and 
in the Code of Ethics of the A.I.Ch.E., 
that the recognition of ethics is not to 
be passive, but is to be a dynamic set 
of principles guiding his conduct and 
way of life (2). Simple, but inspiring, 
is the engineer's pledge (in the “Faith 
of the Engineers”) to carry out his 
obligations to serve humanity with com- 
plete sincerity (2). 
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PRESSURE LOSS 


In Centrifugal Entrainment Separators 


Colgate-Palmolive-Peet Company, Jersey City, 


Under Vacuum 


E. A. LAWRENCE 


This paper gives the results of an experimental study of the pressure 
drop through centrifugal entrainment separators operating under vac- 
uum. Data are presented for fatty acid vapor, water and glycerine vapors 
at 100-200 ft./sec. in units ranging from 1-in. inlet diam. to 20 in. Data 
were obtained on units of 1-, 2- and 3-in. inlet diam. (3-, 6- and 9-in. shell 
diam.) operating on fatty acid vapor. In addition pressure losses on 
16- and 20-in. units in use on factory glycerine evaporators and glycerine 
stills have been included to extend the size range covered in this study. 


ie the course of a study of fatty acid 
distillation and distillation equip- 
ment, an investigation was made of 
centrifugal separators for removing en- 
trained nonvolatile liquid. Cyclone col- 
lectors similar to those used for dust 
collection (Fig. la) and an inverted 
cyclone developed by Webre (5), (Fig. 
Ib) have been used extensively for the 
removal of liquid entrainment. About 
14 years ago the late M. H. Ittner insti- 
tuted the use of a further modification 
(Fig. lc). A large part of the present 
study was carried out using the latter 
units. In addition to data on small 
separators of the Ittner design em- 
ployed in fatty acid distillation, measure- 
ments of pressure loss in larger units 
employed on glycerine evaporators and 
glycerine stills are included here to 
extend this study over a wide range of 
sizes. 


Experimental 


Fatty Acid Distillation. A simplified dia- 
gram of the fatty acid distillation pilot plant 
which was used for most of the test work 
is shown in Figure 2. Crude fatty acids 
were supplied to the still at constant rate 
by a Proportioneer’s plunger pump. After 
preheating by 150 Ibs./sq.in. steam the acids 
entered a Dowtherm-heated vaporizer in 
which the outlet temperature was held con- 
stant. (+2°C.). Approximately 95% of 
the feed vaporized and the mixture of vapor 
and liquid entered the first separator 
through the tangential inlet. Here most of 
the unvaporized liquid was removed while 
the vapor passed on to Separator B. This 
second separator during much of this study 
was a large vessel 2 ft. in diam. by 6 ft. 
high from which the clean vapor passed to 
the condenser. The small vapor line pass- 
ing from the test separator ended at this 
point, and, as will be discussed further, 
acoustic velocity was found to occur here. 

In the operation of the pilot plant, feed 
and product rates were checked hourly by 
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weight. The absolute pressure at the points 
indicated was measured by either a 
Dubrovin gauge or a simple absolute pres- 
sure manometer. To insure steady-state 
conditions, each run was started after con- 
stant feed and distillate rates and constant 
temperature had been obtained as shown by 
weight readings and by a strip chart re- 
corder. A steady 4-hr. period was used for 
the run during which weight, pressure and 
temperatures were recorded each hour. To 
prevent condensation of fatty acid on the 
separator walls or in the vapor lines, elec- 
trically heated jackets were provided and 
manually controlled by variable transform- 
ers. In general, the jacket was maintained 
about 10° C. above the condensing temper- 
ature of the vapor. Experimental data are 
tabulated in Table 1. 
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Details of the small test separators used 
in the fatty acid distillation pilot plant are 
shown in Figure 3. Figure 3a shows a 
3-in. inlet Ittner unit, its associated piping 
and points of temperature and pressure 
measurement. Figure 3b shows a 3-in. 
inlet cyclone (inverted Webre) which was 
made from the 3-in. Ittner and substituted 
for it with the same piping arrangement 
In Figure 3c and 3d the details of a 2-in 
inlet diameter Ittner unit and a 1-in. Ittner 
are shown. 


Glycerine Distillation. ‘To provide a basis 
for evaluating pressure-loss relations de- 
veloped from the pilot plant data, measure 
ments were made on large separators in 
service on production glycerine stills 
Crude glycerine (approximately 84% 
glycerine, 7% salt, 7% water and 2% or- 
ganic nonvolatiles) is fed continuously to 


the still pot where heat is supplied by closed 


steam coils and the liquid is agitated by 
open steam. Only liquid spray passes 
through the centrifugal separator along 
with the vapor, in contrast to the fatty and 
distillation pilot plant where all the non- 
volatile liquid leaves the vaporizer with the 
vapor. Since the collected entrainment is 


(b) 


SECT. A-A 
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Types of centrifugal separators. 
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continuously returned to the still pot, it was 
not possible to measure it. During a period 
of steady normal operation, the weights of 
feed and condensed glycerine were meas- 
ured. The open steam rate was determined 
by the upstream pressure on a calibrated 
orifice. The absolute pressures on either 
side of the centrifugal separators under test 
were measured with a Dubrovin gauge. 
Since the unit has no thermometer, the 
temperature was estimated. One unit tested 
was a 16-in. inlet diam. Webre separator 
(Runs 501 and 502). There were no ex‘ra 
fittings between the pressure taps. The 
other unit was a 20-in. inlet diam. Ittner 
(Runs 601, 602 and 603) which included 
a 90° elbow between the pressure taps 
Runs 501, 502 and 603 were made with 
crude glycerine of the approximate compo- 
Sition just mentioned, Runs 601 and 602 
with once-distilled 98.59 glycerine. 


| 
| 
Glycerine Evaporators. Additional data 
were obtained from factory reports on | 
glycerine evaporators in which water is re- 
moved from a dilute glycerine solution. The | 
entrainment is returned to the evaporator 4 | 
continuously and is not measured. One sys- r ; | 
tem for which data were available was in | 
the Jersey City plant and had a 16-in. inlet METERING 
Webre in series with a 16-in. Ittner. At a PUMP 
later date new data were taken on the same 
system with the Webre removed. In the 
latter case (Runs 201, 202 and 203) there 
were the following pipe and fittings between 
the pressure taps: one sudden contraction 
to 16-in., 1-90° elbow, 714 ft. of pipe, the 
Ittner separator, another 90° elbow, 14 ft. 2—vAPOR RATE LB./(SQ.PT.)(SEC.) AT P; CALCULATED FOR DIAM, PIPE, 
of pipe. In the former case (Runs 301 and) of pr LoNG WITH ACOUSTIC VELOCITY AT OUTLET VS. MEASURED VAPOR RATE 
302) there was 1-90° elbow and the Webre 
separator in addition to the items just listed ee Measured Vapor Rate a 
Data were available also on an evapora- Stock mm.He.abe Ib. /hr Ibs / (sq.ft.) (see.) Ib. / (sq.ft.) (see.) 
tor in the Kansas City plant which included 
a 16-in. inlet cyclone with a 60-in. diam. ae ,- 
shell (1 to 3.67 instead of 1 to 3 as for dees 
Webre and Ittner units). Two sets of runs 
were made with this system. In Runs 401, 
402 and 403 there were the following pipe 100 0.54 0.60 
and fittings between the pressure taps: one 193 1.04 1.08 
sudden contraction to 16-in., 1-90° elbow, 294 1.59 1.59 </ 
1 tee, 24 ft. of pipe and the separator under 
test. In Runs 404 and 405 there were 3-90° 
elbows, 1 tee, 5 ft. of pipe and one gate 
valve (wide open) in addition to the items 
just listed. 


Comment on Results 
Linear Velocity. Experimental data 


are shown in Table 1 for the different 
kinds and sizes of separators tested. 


From these the linear vapor velocities 3 ITTNER 
SEPARA 


VACUUM RECEIVERS 


Fig. 2. Flow diagram of pilot plant fatty acid still. 


72 0.390 0.415 
129 0.698 0.745 
156 0.844 0.882 
185 0.995 1.09 
289 1.56 1.60 
136 0.74 0.75 


were calculated and entered in the table. 

Where the upstream pressure was meas- 9 DIA. 
ured at P,, this same pressure was used * wr 

to calculate velocities at P, since this is 31ps 
satisfaciory for a visualization of the 

flow conditions. In the case of the 2-in. 

separator (Runs 106-109-2), the meas- 

ured pressure at P, is in a 3-in. line. 

The pressure was, therefore, corrected 

so the velocity at P, is that at the end 

of the 2-in. line. 

Examination of these velocities for TO BOTTOM 
fatty acid distillation runs 20A-20F RECEIVER 
shows them to be essentially constant 
over the entire range of mass vapor 
rates. This same observation may be 
made with respect to Runs 106-109-1 
and 99C-101. Further consideration of 
the reason for the lack of variation in Fig. 30. Piping ar 
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linear velocity led to the conclusion that 
acoustic velocity existed somewhere in 
the system. With the linear velocity 
fixed, increases in mass vapor rate result 
in a proportional increase in pressure 
to accommodate the larger flow. For the 
l-in. and 3-in. units acoustic velocity 
would occur at the inlet to separator B 
which is the point of lowest pressure in 
the small diameter vapor piping. In the 
case of the 2-in. unit, the critical point 
would be either where the 2-in! line 
expands to 3 in. or at the inlet to sepa- 
rator B. 

Sonic velocity for fatty acids may be 
calculated from the relation (1) 

c? = kg Px, 

which for an ideal gas can be expressed 
as 


RT 
C= 


For iatty acids k, the ratio of specific 
heats, is low (1.15 for acetic acid) and 
if isothermal flow is considered, it may 
be taken as 1.0. Using the relation for 
ideal gases, c = 426 ft./sec. for tallow 
acids (mole wt. 274). 


Calculation of Flow Resistance. 
Since the change in absolute pressure 
through the system is large compared 
with the total pressure, all calculations 
were based upon the method of C. E. 
Lapple (1). It was assumed that the 
fatty acid vapor acted as a perfect gas 
under the test conditions of approxi- 
mately 240°C. and 20 mm. Hg. abs. 
First, Lapple’s method of calculation 
was checked by comparing the actual 
vapor flow through a portion of the 
system with the calculated vapor rate. 
The portion of the system considered 
had the equivalent of 26 ft. of straight 
3-in. pipe and was arranged so that it 
was reasonable to assume that acoustic 
velocity existed at the downstream end 
(between points P, and P,, Fig. 3a). 
Table 2 shows the good agreement ob- 
tained. In view of the small liquid to 
vapor volume, only the vapor volume 
was considered. 

Accepting Lapple’s method, the resis- 
tance to flow in a system can be calcu- 
lated from the upstream and down- 
stream pressures and the known mass 
vapor rate. These calculations are out- 
lined in Table 3 for all the separators 
studied. The raw data are in Table 1; 
N is found from charts in the reference 
cited. The flow was assumed to be 
isothermal but, even if this were not 
true, k for fatty acid is low and the 
chart for k = 1.0 was presumed to be 
satisfactory. N is the total resistance to 
flow in velocity heads so it was neces- 
sary to determine Reynolds number and 
Fanning friction factor in order to cor- 
rect for known pipe and fittings between 
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Fig. 3b. 3-in. cyclone, piping arrangement same 
as Fig. 3a. 


the pressure taps. For Reynolds num- 
ber determination the viscosity of water 
vapor was taken as 0.0115 cp. (1) but 
for fatty acid vapor and for glycerine 
vapor no figure was known, so 0.0100 cp. 
was assumed. The equivalent length of 
fittings was taken from the Crane Co. 
Tech. Paper No. 409. 

As shown in Table 3 N, and L,/D, 


2° ITTNER 
SEPARATOR 
(6"DIA.) 
ies HE 
VA 


Fig. 3c. 2-in. Ittner, piping arrangement same 
as Fig. 3a. 


the resistance to flow by the separator, 
has been calculated for each unit tested. 
Using velocity heads (,), error in the 
assumed viscosity only affects the cor- 
rection for known pipe and fittings; 
using equivalent number of pipe diam- 
eters (L,/D), error in the viscosity 
affects the value of separator resistance 
directly. 


TABLE 4 

Separator Vapor Measured By Ne La D 
l-in. Ittner Fatty Acid Author 8.7 310 
2“ Ittner Fatty Acid Author 46 180 
* Ittner Fatty Acid Author 5.6 220 
20“ Itener Glycerine Author 6.5 280 
Ave 64 250 

16-in. Ittner Water Factory 14. 620 
3-in. Cyclone Fatty Acid Author 12.6 490 
16“ Webre Glycerine Author 13.0 560 
Avg: 12.8 530 

16“ Webre Water Factory 24.2 1270 
16“ Cyclone Water Factory 21.8 1150 
Avg: 23.0 1210 

P2 
“al ro 
8 
17 = 
PI | IT TNER 
Fig. 3d. Piping arrange- Ti SEPARATOR 
ment for test seporator— ; 
Ittner. 
\ | 
5 
HEATED 
VAPORIZER 
TO BOTTOM 
RECEIVER 
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Flow Resistance vs. Flow Rate. 
Examination of the results in Table 3 
(repeated in last column of Table 1) 
shows no definite correlation between 
flow resistance and throughputs (Runs 
20A-20F, 106-106B, 99C-100, 103- 
103B). There is sufficient scatter in the 
data so that a relationship may exist but 
cannot be discerned here. Run 109-2 is 
similar to Runs 108 and 109-1 save that 
the vacuum jets were loaded to raise 
the static pressure in the system. As 
can be seen, the pressure at P, was 
raised about 50% and that at P, about 
350%. The linear velocity dropped with 
the rise in pressure and acoustic velocity 
disappeared but the flow resistance of 
the separator remained within the range 
found in the other runs. 


Flow Resistance vs. Size and Type 
of Separator. A summary of the aver- 
age flow resistance of the separators is 
given in Table 4. In general, there is 
no indication of any change in flow re- 
sistance of either Ittner- or Webre- 
cyclone separators with size. Variations 
between different size Ittner units used 
in fatty acid distillation as well as the 
variations noted for different runs on 
the same unit may be due to air leaks 
in the small systems and to small errors 
in manometer readings. Between differ- 
ent size units attempts were made to 
maintain dimensional similarity but 
have been some errors in 
fabrication and alignment of tangential 
inlets. 


there may 


The Webre-cyclone separators differ 
from the Ittner design in their 180°- 
reversal of flow. The flow resistance 
caused by this change in flow pattern 
far exceeds that expected for a simple 
return bend and is probably related to 
the inner vortex discussed in some de- 
tail by Shepherd and Lapple (3,4) for 
cyclone dust collectors. It is interesting 
to note that these authors obtained a 
correlation for the flow resistance of 
cyclone dust collectors at atmospheric 
pressure. 


Where F,,, is the cyclone friction loss 
expressed as the number of inlet velocity 
heads and hence identical to N,, bh is 
the inlet area, e the exit duct diameter 
and K is a constant equal to 16.0 for 
simple cyclones. For units with circular 
inlets of the same diameter as the exit 
duct, 


This is in good agreement with the 
value of N, obtained here. 


Flow Resistance vs. Liquid Load. 
No attempt was made to explore the 
effect of liquid load on flow resistance. 
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As can be seen in Table 1, the ratio 
of liquid to vapor as shown by the per 
cent overhead was essentially constant 
throughout all runs with a given sepa- 
rator. Since the vapor volume was 
large, the liquid volume was ignored in 
all the calculations used in this study. 


Summary 


It was shown that the pressure vs. 
flow calculation method of C. E. Lapple 
is applicable to these high velocity, high 
pressure drop systems. Using Lapple’s 
method the resistance to flow of these 
centrifugal separators was calculated. It 
was found that units with tangential in- 
let and straight-through flow to the 
exit gave about half as much resistance 
to flow as did units incorporating a 
180°-reversal similar to cyclone dust 
collectors (6.4 compared with 12.8 inlet 
velocity heads). For cyclones similar to 
the latter units the relation developed by 
Shepherd and Lapple gives 12.6 pipe 
diameters. 


Notation 


width of rectangular cyclone 
inlet duct 
acoustic velocity 
= diameter of cyclone exit duct 
Fanning friction factor 
conversion factor 32.17 
mass.) (ft.) / (Ib. force) 
(sec. ) (sec. ) 
height of rectangular cyclone 
inlet duct 
= ratio of specific heats Cp/C, 
specific volume of fluid 
diameter of test pipe or separa- 
tor inlet 
cyclone friction loss in inlet 
velocity heads 
= constant 
= length of test section in equiv- 
alent feet of straight pipe 
molecular weight 
= 4fL/D = friction loss in ve- 
locity heads for test pipe 
= overhead from distillation unit 
pressure, modified by subscripts 
gas constant/mole, 1546 ft.lb. 
force mole, ° F. 
temperature in degrees 
L/D = number of pipe diameters 


SUBSCRIPTS : 


o means in infinite reservoir 
stream of test section 

1 means in pipe upstream of test sec- 
tion 

2 means in pipe downstream of test 
section 

¢ means at point of acoustic velocity 

k means known pipe and fittings 

$ means test separator 


up- 
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Discussion 


John W. Michel (Carbide & Carbon 
Corp., Oak Ridge, Tenn.) : Do you have 
any figures on the relative efficiency of 
the three types of separators, i.e., the 
entrainment separation efficiency ? 

E. A. Lawrence: We don't have any- 
thing in presentable form. We obviously 
did these studies primarily to get effi- 
cient separators and to study entrain- 
ment efficiency, but we made our meas- 
urements in terms of distillate color. 
We tried to get some idea of separator 
efficiency by seeing how much bottoms 
were required to give a given increment 
in distillate color. We found that if we 
added all the bottoms to the distillate 
we get a color which was much darker 
than the feed we started with. Conse- 
quently we were not sure if the bottoms 
we were taking out of the run-down 
tank were representative of the bottoms 
we were trying to separate in the sepa- 
rator itself. We tried using tracers like 
iron soaps and nickel soaps, dissolved in 
the feed stocks and made a metal analy- 
sis on the overhead. But we found we 
were running overhead analyses in the 
order of 2 or 3 p.p.m., and the inac- 
curacy of the method of analysis was 
greater than the precision we were look- 
ing for. As a matter of fact, we couldn’t 
even get material balances though we 
tried very hard on that. I’m afraid I 
just don’t have anything on separator 
efficiency. 

R. H. Bunzl (Shell Chemical Corp., 
Concord, Calif.) : In one of your slides 
you showed three different design’ for 
separators, and the last one showed a 
capped center tube. I wonder in what 
way that capped tube aids your separa- 
tion ? 

E. A. Lawrence: I think the capped 
tube is advisable. Neglecting pressure 
drop, I believe you'd get better efficiency 
with a larger central pipe which would 
reduce the annular space. I think when 
the vapor leaves the tangential inlet it 
tends to fan out unless it is restricted by 
the central duct. We did not make any 
runs with the central pipe removed. 


(Presented at A.J.Ch.E. Kansas City 
(Mo.) Meeting.) 
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FRICTION AND TRANSFER 
SINGLE PARTICLES AND PACKED BEDS 


W. E. RANZ, University of Illinois, Urbana, Illinois 


A method of analysis based on properties of a single particle is developed 
for estimating and characterizing transfer rates and pressure drops in 
packed beds. Transfer rates and friction factors for spheres are related 
through the application of a simple model to heat- and mass-transfer 
rates and pressure drops in beds packed with spherical particles. Equa- 
tions for estimating effective thermal conductivity and diffusivity are 
derived, and parametric constants relating the actual fluid velocity and 
the average lateral velocity to the superficial velocity, are shown to 
characterize the performance of a packed bed. This method of analysis 
reveals the mechanisms by which energy is lost and transfer occurs and 
appears to have application to the design and evaluation of any transfer 
device which is an assemblage of a large number of simply shaped inter- 
faces arranged in an ordered or random pattern. 


T has become the practice to treat an 

elaborate transfer device in a quali- 
tative and over-all manner without a 
serious attempt to inquire deeply into the 
fundamental mechanisms of transfer 
within an element of the apparatus large 
enough to be representative of the whole 
and small enough to allow a complete 
understanding of what is happening 
within. Such an understanding would 
lead to a logical choice of equipment and 
conditions of operation. It would aid 
design of new equipment and permit 
intelligent criticism of existing practice. 

Considerable information now exists 
on friction factors and heat- and mass- 
transfer rates for fundamental shapes 
such as plates, disks, cylinders, and 
spheres. In itself this information is of 
little use except in the case of elemen- 
tary transfer surfaces, but additively it 
represents a basis for an understanding 
of complex transfer equipment. 

A case in point is that of the proper- 
ties of a packed bed which should sub- 
mit to an analysis based on the proper- 
ties of a single particle and the configur- 
ation in which it lies. The properties of 
interest are pressure drop, transfer rates 
between particle and fluid, and lateral 
transfer due to fluid motion. Such an 
analysis is made in the work which 
follows. Results are unusually consis- 
tent and informative; but it is not so 
much the results which should be em- 
phasized as it is the method of attack 
and point of view. 

Modern transfer devices contain col- 
lections of simply shaped interfaces ar- 
Appendix containing six pages, and Fig 
ures 1-8 are on file with the American 
Documentation Institute (Document 3600), 
1719 N Street, N.W., Washington, D. C. 
Copies obtainable by remitting $1.00 for 
microfilm or $2.40 for photoprints 
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ranged in an ordered or random pattern. 
The method of analysis developed here 
appears to be suited for predicting the 
performance of such equipment. 


Pressure Drop in Packed Beds as 
Additive Property of Drag 
Force on Single Sphere 


In analyzing the pressure drop 
through a packed bed it is customary to 
consider the bed as a system of inter- 
connected channels (4, 18). A method 
of developing pressure-drop relation- 
ships from a model which emphasizes 
the individual particles has been pro- 
posed before (3), but the suggestion 
has received little attention because fric- 
tion factors for single spheres are not 
as well understood or established as 
those for smooth pipes. It is interesting 
and profitable, however, to apply the 
friction factors of the present day to 
the earlier model. 


Flow Pattern Around a Spherical 
Particle and Drag Forces Exerted by 
Fluid. The flow patterns around solid 
shapes show marked similarities. Much 
that is known about spheres is deduced 
from information about cylinders, and 
what is known about spheres is applic- 
able to any shape effectively spherical. 
In general, two types of drag forces are 
brought to bear upon the shape, a form 
drag and a friction drag. Form drag is 
the resultant of pressure forces exerted 
by the fluid normal to the surface of 
the body, and friction drag is the re- 
sultant of tangential stresses caused by 
the friction of the fluid against the 
interface. No completely satisfactory 
theoretical derivation has been made of 
the drag forces on a solid shape or of 
the velocity field surrounding it; but 
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modern developments in fluid mechanics 
(10), particularly the application of 
boundary layer theory, have brought 
notable advances in an understanding of 
the physical situation from at least a 
qualitative if not a quantitative stand- 
point. 

Figure la is a graphical representa- 
tion of the normal pressure distribution 
on the surface of a spherical shape at 
Nae < 10°. The resultant form drag is 
a major contributor to the total drag 
force, but unfortunately it is not amen- 
able to a simple theoretical explanation 
It is sufficient for this discussion merely 
to mention actual observations of the 
pressure distribution. 

Figure 1b is a graphical and simpli 
fied representation of the boundary 
layer for a sphere where flow in the 
undisturbed fluid outside the boundary 
layer follows fairly well the pattern of 
potential flow. The tangential forces 
exerted by the fluid on the surface are 
directly proportional to dvy/dr. As in 
the case of form drag, the reverse 
forces on the trailing face are not as 
great as the retarding forces on the for- 
ward face, and a resultant friction drag 
contributes to the total drag on the 
spherical shape. 

A theoretical derivation of the total 
drag on a sphere is scarcely possible. 
Experimental values of the drag coeffi- 
cient are much more convenient to 
record and use. The drag coefficient, 
Cp, can be shown to be a function of 
Reynolds number alone (10), and ex- 
perimental values of the drag coefficient 
are recorded in these terms (15). A plot 
of CpN x-* vs. N pe is shown in Figure 3. 


Pressure Drop in Packed Beds as 
an Additive Property. Although a par- 
ticle in a packed bed is surrounded by 
other particles, it will possess an essen- 
tially individual boundary layer. There 
is no continuous channel along which 
the fluid flows; and most of the pressure 
drop and transfer phenomena occur on 
the forward face of each individual par- 
ticle, not at the points of contact with 
other particles. An inspection of Figure 
1 will support this contention for the 
case of drag coefficients. Pressure forces 
at the equatorial belt do not contribute 
to the resultant form drag, and dv,/dr 
at this position is essentially zero, giving 
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\ \ \ A BEO MODEL COMPOSED OF SPHERICAL 
PRESSURE EXERTED AGAINST BOUNDARY LAYER PARTICLES OF UNIFORM SIZE PACKED 
THE SURFACE OF A SPHERE VELOCITY DISTRIBUTION WITH CENTERS IN HORIZONTAL PLANES 

BY A FLUID STREAM AROUND A SPHERE AT THE CORNERS OF TETRAHEORONS 


4 LAYER CROSS SECTION 
RETARDED | 
WELOCITIES | 


FRACTION OF LAYER CROSS 
SECTION OPEN TO FLOW: 


POTENTIAL 


FLOW 
VELOCITIES THICKNESS OF A SINGLE ORIENTATION OF SPHERES 
LAYER IN DEPTH 


---PRESSURE DISTRIBUT- 
/ 1ON FOR POTENTIAL 


——ACTUAL PRESSURE (vecocities Vr “ye 
Op - 


DISTRIBUTION 
(REPEAT) 


FLOW 

DIRECTION OF 

FLUID FLOW Fig. 2. A bed model. 
1 


a. 1b. 

Fig. lo. Pressure exerted against the surface of a sphere by a Pressure Drop in a Model Bed. 
fluid stream. Fig. 1b. Boundary layer velocity distribution around a If the drag force on a single particle, in 

chore. terms of the experimental drag coeffi- 
cient, is additive areawise across a single 
layer of a packed bed and depthwise 
through many layers, a summation of 
the forces on all the particles should 
give the pressure drop through a given 
depth of bed. 


id? 
= | -— For example, consider a model bed com- 
DRAG REYNOLDS FOR SPHERICAL | posed of spherical particles of uniform sive 
Fors packed with their centers at the corners of 
10" PACKED BEDS tetrahedrons. Bases of the tetrahedrons lie 
in horizontal planes, and the particles reside 
in an example of closest packing. Figure 2 
is a graphical representation of the ar- 
rangement which is known as the rhombo- 
hedral type of packing. Assuming the prin- 
ciple of additivity, the pressure drop per 
unit length of packing will be equal to the 
drag force on a single particle multiplied 
by the number of particles per unit volume 
ot packed bed. 


AP _ Fn _ p*ACon 
L Ye 29¢ 


no contribution to friction drag. It is in some way additive for a collection 
not unreasonable, therefore, to expect of particles and appear as pressure drop 
that drag forces for single particles are across a packed bed. 


> 

4f = = D,An(v/v-)*Co 
pv.’ L 


| ———ORAG COEFFICIENT FOR SPHERICAL PARTICLES | 


——-FRICTION FACTOR FOR BED MODEL DERIVED FROM 2/D,’; A = 
DRAG COEFFICIENT FOR SPHERICAL PARTICLE 


| 4f = (#/2V 2) 


Nre on Nre | = 1.111(v/v.)*Co 


For rhombohedral packing 


from which 


| 
10? 10? 1o* 


Fig. 3. Drag coefficient vs. Reynolds number for spherical particles and friction factor vs. modified 4fN'ne! = (8/2 2)CoN se" 
Reynolds number for packed beds. = 1.111 CoNe.? 
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The major difficulty in applying Equation 
(1) lies in the problem of determining the 
value of the velocity, v, to use when calcu- 
lating pressure drop from Cp». Only the 
superficial velocity, v., can be obtained 
easily; and this velocity will be consider- 
ably smaller than the actual velocity, v, o 


| | 


DRAG COEFFICIENT FOR SPHERICAL A 
PARTICLES AND FRICTION FACTOR FOR 


—— DRAG COEFFICIENT FOR 
SPHERICAL PARTICLES 


PACKED BEOS VS REYNOLOS NUMBE 7 
AND MODIFIED REYNOLOS NUMBER 4 


the fluid past the particle. Some suitabl 
relationship between v and v. must be 
available, therefore, to make Equation (1) 
of practical application. 

As an approximation for the model bed 
the relationship between v and v., for flow 
in a vertical direction, can be given by 


= 1/1 —#/2V3) = 10.73 
or 
Na./N'ne = 10.73 (2) 


where it is assumed that the velocity is 
increased in direct proportion to the de- 
crease in open area presented to the forward 
moving fluid stream by a single layer of 
particles. Such an approximatiqn should 
not be greatly in error since each particle 
is positioned directly in front of a jet 
formed by tlfree other particles in the pre- 
ceding layer, and the velocity experienced 
by the particle will be to a large extent the 
velocity of the jet. 

Graphical Representation in Which 
Velocity Problem Is Reduced to Sim- 
ple Form. If CpN 2, is plotted against 
and 4fN’,,? against N’,,, where 
N’pe reiers to the modified Reynolds 
number based on the superficial velocity, 
the problem of the proper velocity to use 
in the friction factor relationship is re- 
duced to a simple form since the ordinate 
no longer contains the velocity, and the 
abscissa contains the velocity to the first 
pewer. Figure 3 is a plot of CpN z,* vs. 
Npre for spherical particles. Superim- 
posed on this plot is a curve for 4fN’,p,? 
vs. N’,, derived from Equations (1) 
and (2) and a correlation curve based 
on a large amount of experimental data 
(4). The agreement between the de- 
rived curve for 4fN’,,? and this corre- 
lation curve is remarkable in view of 
the many approximate relationships in- 
volved in obtaining the derived curve. 
In addition, the derived curve is a 
smooth curve following the smooth 
curve for drag coefficients, and the ab- 
sence of a sharp break in the pressure- 
drop curve between so-called turbulent 
and viscous regions is no mystery and 
does not have to be explained. 


Parameter for Characterizing Per- 
formance of Packed Bed in Terms of 
Relationship between Actual and 
Modified Reynolds Numbers. Since 
pressure drop appears to be an additive 
property, the relationship between v and 
v, or Np, and N’,, can be proposed as 
a characteristic parameter of a packed 
bed. This parameter is not a simple 
proportionality between Np, and N’p, 
because it should be a combination of 
the constants of Equations (1) and (2) 
which displace the drag coefficient 
curve, CpNp,* vs. Nee in Figure 3 
upward by a factor of 4fN’p.?/CpNp* 
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Fig. 4. Drag coefficient for spherical particles and friction factor for packed beds vs. Reynolds 
number and modified Reynolds number. 


and to the left by a factor of Nge/N’ pe, 
to become the pressure-drop curve, 
4fN’ vs. N’ pe However, since the 
constant of proportionality between 
and CpNp,* will always be near 
unity, the parametric constant reduces 


essentially to a proportionality between 
Nae and N’ pe. 


For example, Figure 4 shows friction 
factors for packed beds of spherical par- 
ticles used by Gamson, Thodos, and Hougen 
(9) in making transfer measurements. 


Fig. 5c. Evaporation rotes 
on the surface of «a naph- 
thalene bead. Fig. 5b. 
Tempercture exploration 
around an evaporating 
woter drop. 
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Data have been corrected for the wall effect 
according to the computations of Furnas 
(8) so that the pressure drop will be repre- 
sentative of the packing alone. The average 
parametric constant for these beds is ap- 
proximately Nae/N'se = = 9.1 

It is interesting to compare this para- 
metric constant obtained from pressure- 
drop data with a similar parametric con- 
stant obtained irom transfer data which 
were taken at the same time, assuming that 
transfer coefficients for packed beds are 
additive properties of the transfer coeffi- 
cients for single particles. 


Transfer Rates in Packed Beds As 
Additive Property of Transfer 
Rates for Simple Particle 


A determination of accurate heat- and 
mass-transfer rates between particle and 
fluid in a packed bed is a difficult prob- 
lem, and an adequate interpretation of 
the data is exceedingly complicated. Re- 
cent work on transfer rates for single 
particles makes it possible to interpret 
rates in packed beds as additive proper- 
ties of the rates for single particles, and 
such an interpretation goes a long way in 
providing a better understanding of the 
operation of such a transfer device. 


Qualitative Picture of Heat- and 
Mass-Transfer Rate Distribution over 
Surface of Spherical Particle. Figure 
5a shows the distribution of mass- 
transfer rates around a sphere. Data 
are from Froessling (7) and concern 
the sublimation of small naphthalene 
beads in air. Figure 5b shows the tem- 
perature field around an evaporating 
water drop (19). The rate pattern and 
the relative spacing of the isotherms can 
be explained in terms of the velocity 
field of the boundary layer shown par- 
tially in Figure 1b. On the forward face 
high negative radial velocities and high 
tangential velocities adjacent to the sur- 
face contribute most to an increase in 
the potential gradients of temperature 
and concentration; heat- and mass- 
transfer rates are at a maximum, and 
the temperature isotherms are close to- 
gether. As the separation point is ap- 
proached, transfer rates decrease along 
with a decrease in tangential and nega- 
tive radial velocities; and at the separa- 
tion point, where these velocities are 
aiding least in the convection mechanism 
of transfer, the rate is at a minimum. 
On the trailing face transfer rates in- 
crease again to a lower maximum which 
is commensurate with the magnitude of 
the backward velocities. 

Again, as in the case of pressure 
drop, a major contribution to the total 
transfer occurs on the forward and rear- 
ward faces of the particle. In a packed 
bed there is no continuous flow through 
channels but a passage of fluid from the 
boundary layer of one particle to the 
boundary layer of another particle, and 
most of the transfer occurs on the sur- 
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face areas facing the oncoming fluid 
stream, not at points of flow restriction. 


Transfer Correlations for Spherical 
Particles. A mathematical statement 
of the boundary layer problem shows 
that transfer rates for spheres can be 
given in a universal functional form as 


Nyu = Nyu(NreN reN py) 


= Nyw(NaeN pr) 


(3) 


Nyw Nyw( ge) 


(4) 


where Vp, for heat transfer is equiva- 
lent to Ng, for mass transfer. To ob- 
tain empirical correlations experimental 
data are plotted customarily in either of 
two forms, Ny, vs. Np, Np, and Nyy 
vs. or as jy( = Nyu/N 
Np,®) vs. and jp(= Nyw/Nre 
Ng.) vs. Npe For the purpose of 
demonstrating the additive characteris- 
tics of transfer rates, the first method 
of plotting proves to be the simpler 
since the ordinate does not contain the 
velocity and the abscissa contains the 
velocity to the first power. 

Figure 6 shows a plot of a variety 
of transfer data (7, 14, 16, 19) for 
single spheres over a wide range of 
Reynolds numbers (1 < Np, < 70,000) 
and Prandtl and Schmidt numbers 
(0.6< Np, or Ng,< 400). A_ simple 
correlation equation in a form originally 
suggested by Froessling (7) can be 
written which fits the data fairly well 
up to a value of Np, of 10* and for 
values of Np, or Ng, between 0.6 and 
400. This correlation form is 


N = 20+0.60 &4Np,% 


(5) 
where N = Ny, and € = Np, for heat 
transfer and N = Nyy and = Ng, 
(perhaps more exactly Ng.r,) for mass 
transfer. It is interesting to note that 
such a correlation form also describes 
heat and mass transfer from cylinders 
normal to a fluid stream. In this case 
the constant is 0.55 instead of 0.60 and 
the apparent minimum value of N is 
1/m at Nz, = 0 

Equation (5) is a useful equation. It 
is a simple relationship and has wide 
application to chemical engineering 
problems. If accurate values of the 
physical constants are available, it will 
give a good estimate of transfer rates 
to be expected in situations involving 
spherical interfaces. 


Transfer Rates in Model Bed. To 
estimate transfer rates in the model bed 
of Figure 2 the particles can be assumed 
to act essentially as free particles exper- 
iencing an actual velocity greater than 
the superficial velocity by the factor 
given in Equation (2). This is in con- 
sequence of the fact that each particle 
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of the model bed is located in front of 
a jet formed by three particles preced- 
ing it and the fact that most of the 
transfer occurs at the point where the 
jet impinges upon the forward face of 
the particle. A derived curve for trans- 
fer rates in a model bed in which Np, is 
taken as 10.73.N’,, is shown in Figure 6 
along with experimental data (9). The 
parallelism of the various transfer 
curves is obvious. 


Parametric Constant in Terms of 
Transfer Rates. |i the relationship be- 
tween the actual and superficial Rey- 
nolds numbers is a parametric constant 
of a packed bed, the relative displace- 
ment of the data of Gamson, Thodos, 
and Hougen (9) for beds packed 
with spherical particles from the data 
for single spheres should give an aver- 
age parametric constant for the bed 
upon which they performéd their ex- 
periments. From Figure 6 this constant 
is found on the average to be 9.1, in 
exact agreement with the same para- 
metric constant determined from pres- 
sure-drop measurements and in accord 
with the calculated parametric constant 
for a model bed. It is interesting to 
note that with one pressure-drop meas- 
urement and Equation (5) one should 
be able to estimate to a good approxima- 
tion the transfer rates for a bed packed 
with spherical particles. 

The ratio between actual and super- 
ficial Reynolds numbers appears to be 
a characteristic constant of a given 
packed bed and is of the order 10*1. It 
can be determined simply by pressure- 
drop measurements, and it has definite 
physical significance. Even though 
these results are limited to spherical par- 
ticles, the method of interpretation is 
not so limited and can be applied quali- 
tatively to an evaluation of the useful- 
ness and efficiency of collections or ar- 
rangements of any other shape of trans- 
fer interface. 

Such a plot as Figure 6 is limited to 
a range of Np, and Ng,. Voluminous 
data now available on transfer rates in 
packed beds can be interpreted directly 
in terms of Figure 6 if the values of 
all the variables lie within the specified 
range. The method of analysis can be 
applied, however, to a wider range of 
variables, such as in the case of the data 
of McCune and Wilhelm (17), where 
Ng, > 1000 and where both the data for 
single spheres and for packed beds are 
displaced to the right of the curves 
shown on Figure 6, but where the ratio 
between Np, and \’,, is still of the 
same order of magnitude. 


Effective Thermal Conductivity 
and Diffusivity in Packed Beds 


A full ‘understanding of transport 
phenomena in packed beds requires 
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knowledge of effective transport proper- 
ties which can be considered similar in 
mathematical form and use to inter- 
molecular transport properties but dif- 
ferent in mechanism of transfer. 
Waddams (22) and Schumann and Voss 
(20) have presented correlations of 
experimental heat conductivities for 
packed beds in which the fluid is at rest. 
Except for extraordinary cases in which 
the particles povsess relatively large 
conductivities, the order of magnitude 
of the effective conductivities is the 
same as that of molecular conductivities 
in the fluid phase. Recent works of 
Hall and Smith (11), Coberly and 
Marshall (5), Hougen and Piret (13), 
Bernard and Wilhelm (2), and Singer 
and Wilhelm (27), reveal values of ef- 
fective conductivities and diffusivities so 
large in comparison with values for the 
fluid at rest that gross transfer of fluid 
masses must have been involved as well 
as transfer by simple convection, con- 
duction, and diffusion. 

If lateral transfer is treated as a 
separate phenomenon, effective transport 
properties can be written as 


= ky the (6) 
D, = Dy (7) 


where subscript refers to the value 
of the transport property in a direction 
perpendicular to the average direction of 
fluid flow, subscript || refers to the value 
of the- property parallel to flow, and 
subscript m refers to the value of 


the property caused by lateral mix- 
ing. Immediately k,, and D,, can be dis- 
missed as being approximately equal 
to the same properties for packed beds 
with zero fluid velocity. Their order of 
magnitude and order of importance can 
be estimated by assuming them to have 
the same value as the molecular coeffi- 
cients in the fluid alone. 


Mechanism of Lateral Transfer. At 
finite mass velocities, lateral transfer is 
caused chiefly by a mechanical mixing 
or riffing through channels which are 
not parallel to the average direction of 
flow. The major contribution to effec- 
tive conductivity and diffusivity, that 
due to lateral mixing, can be estimated 
by considering the bed to be composed 
of interconnected cells whose dimensions 
and spacings are determined by the size 
and shape of the particles and the 
method of packing. For a unit volume 
of this bed, mass velocity pv, of fluid 
is entering the top and leaving the bot- 
tom, but at the same time a lateral mass 
velocity apt, is occurring to the right 
and to the left (or in any lateral direc- 
tion) through randomly directed chan- 
nels which act as one-way passages be- 
tween the openings in the bed. This 
lateral mass velocity is moving through 
each of N-planes which at any level in 
the unit volume can be interposed be- 
tween the cells or openings whose cen- 
ters are on the average 1/N distance 
apart. The temperature (or concentra- 
tion) changes from 7, to Ty (or C4, 


to C4y) through N distinct changes. 
The algebraic sum of heat (or mass) 
transferred laterally across each plane 
is given by 
Iam = apvC,(T, T,) 
= A(T. erg T,) 
= — Ty) 
av,(C4o— Cai) = 
= at,(Caiw—1) — Can) 
Adding the N-equations 
apv.C,(T, T,) 
apv',C Ty ) 
y 


NT 40m ) (Cain Can) 


Ndex 


= av,(C4o— Cay ) 


from which 


Since N is inversely proportional to D, 


for any uniform packing, 
ky, = a’pv,C,D, (8) 
D,, = a’veD, (9) 
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THE CORNERS OF TETRAHEDORONS 


FOR ONE DIRECTION IN A UNIT 
CELL OF A BED COMPOSED OF SPHERICAL PART-~- 
ICLES PACKED WITH THEIR CENTERS AT THE 


1/N=0,/2 L 


LAYER 


reas 
7 euch 
1/3 or 1/4 

the 


top of oe 
LAYER 2 


Width top ef cell 
Width side of cell 
<= 


= 1/0,089 


= Ratio of lateral sass ve 
to velooity, @ 


© Stream downward (each éown- 
ward streas represents 0/2) 


represeat 
st 
of 

eonf! guration; 
ené 


Mase 


Mase velocity passing 


Sere 


= 0.179/8 


jleeity 


and outwaré 
depending on 


N represents the average number of 
cells or openings per unit lateral distance 
in the bed, and a is a fraction which, 
multiplied by pv,, represents a mass 
velocity moving laterally through a unit 
vertical cross section. By definition 

a’ = a/D,N = 1/N’p, (10) 
where N’p, is an effective modified 
Peclet number. 


Equations (8) and (9) would result 
from simple dimensional analysis, but 
the derivation given above assigns 
physical meaning to the constant of pro- 
portionality. These equations predict 
that effective conductivities and diffusiv- 
ities are, in general, proportional to the 
mass velocity and the size of the pack- 
ing and that a’ or N’p, is relatively un- 
affected by changes in the modified 
Reynolds number. 


_EXCHANGER DATA (2!) 


MODIFIED PECLET NUMBER VS 
DIAMETER OF PACKING/DIAMETER 
OF TURE FROM PACKED HEAT 


| 
; CALCULATED ACCORDING TO FIG.7 


DIAMETER OF PACKING/OIAMETER OF TUBE 


o2 os os Lo 


Fig. 8. Modified Peclet number vs. diameter of packing divided by diameter of tube from packed 
heat-exchanger data. 
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Parameter for Characterizing Lat- 
eral Transport Properties of a Packed 
Bed. a’ =1/N’p, is a_ convenient 
parameter for characterizing the per- 
formance of a packed bed and is a 
measure of the ability of the bed to 
transfer heat and mass in a lateral di- 
rection. Experimental values of this 
parameter are now available. Coberly 
and Marshall (5) obtained an a’ of 
approximately 0.13 from data on ky as 
an average for cylindrical and spherical 
packings. Data of Bernard and Wilhelm 
(2) on values of D, show a’ to be of 
the order of 0.08 for beds packed with 
spherical particles and a’ of the order 
of 0.11 for beds packed with cylindrical 
particles. Singer and Wilhelm (21) 
report a’ = 1/N’p, of a similar magni- 
tude from data on k, and D,. 

Since a’ is dependent on the configura- 
tion of the packing as well as the par- 
ticle size and shape, it can be estimated 
only for unknown beds where direct 
measurements have not been made. A 
method of packing which gives well- 
defined channels in the direction of flow 
will show abnormally low a’, but for 
ordinary packings a’ of the order of 
10-1! (or N’p, of the order of 10) is 
to be expected. If it becomes necessary 
to know a’ accurately for a given bed, 
an experimental procedure, similar to 
that used by Bernard and Wilhelm (2) 
in which liquid with a trace material is 
forced through a sample volume of the 
packing, should give an a’ applicable to 
any other fluid used with the same 
packed bed. 


Lateral. Transfer for Bed Model. 
In principle a’ can be calculated for 
particles of uniform geometrical shape 
packed in a definite manner. For ex- 
ample, with the assumption that flow is 
completely channeled (i.e., flow in any 
distinct channel is in one direction) and 
the bed is of infinite extent, the bed 
model shown in Figure .7 would have 
an a’ of 0.089. The remarkable agree- 
ment with experimental values of a’ for 
beds composed of spherical particles is 
fortuitous. However, the numerical re- 
sult gives strong support to the primary 
mechanism of lateral transfer as it is 
postulated here and, being a conserva- 
tive value, can be recommended for use 
in the absence of experimental informa- 
tion, 


Diffusion by Displacement and Wall 
Effect. Effective conductivities and dif- 
fusivities are examples of diffusion by 
finite displacements of fluid elements. 
They are examples of controlled dis- 
placements where the configuration of 
the fluid channels forms a pattern for 
movement. They are not examples of 
random displacements in the same sense 
as eddy diffusion which is restricted by 
the walls of a cell or channel, but they 
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can be examples of random displacement 
in the sense that the channels are ran- 
domly directed. 

Baron (1) derived Equations (8) 
and (9) by estimating the mean square 
displacement of fluid in a lateral direc- 
tion during a given time in its vertical 
motion, the diffusivity in terms of this 
mean square displacement being given 
by Einstein's statistical Equation (6), 


Dy = 4,7/2at (11) 


where 


= 


»° = mean square displacement of 
an element of fluid in a lat- 
teral direction during time 
period At 


At = contact time during which 4,? 
is measured 


If At is taken as the superficial time 
required for an element of fluid to pass 
one layer of packing, i.e., At is approxi- 
mately equal to D,/v,, A,* can be 
roughly estimated as being equal to 
(D,/2)*. Under these conditions D,, 
will be of the order of (1/8)v,D, or a’ 
will be of the order of 1/8. Such a 
derivation is theoretically equivalent to 
the one given previously if 4,2 and At 
are properly interpreted, and the ac- 
companying analysis leads to the same 
conclusions concerning the nature and 
mechanism of this type of transfer. 

Equation (11) is a convenient means 
for pointing out the effect of the wall 
of the containing vessel since displace- 
ments near the wall, in the direction of 
the wall, are restricted and the rate of 
transfer is decreased. Figure 8 from the 
work of Singer and Wilhelm (21) 
shows the effect of the wall when the 
ratio of particle diameter to packed tube 
diameter becomes large. In this particu- 
lar case the experimental points have 
been obtained from heat transfer in 
packed tubes, and they indicate that 
transfer rates at the wall must be esti- 
mated from wall coefficients which are 
of the same order of magnitude as the 
wall coefficients for turbulent flow in 
open tubes. Coberly and Marshall (5) 
have made a preliminary attempt to esti- 
mate the effect of the wall in terms of 
a wall coefficient, but experimental in- 
formation is insufficient to give a re- 
liable correlation. For a completely 
satisfactory interpretation of lateral 
transfer of heat (and mass if mass 
transfer occurs through the wall) such 
a correlation is necessary. 


Notation 


A=area projected by particle 
against fluid stream 
= concentration of diffusing com- 


ponent 4 
BC 4 = Cus 


2) 
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= 2F/pv*A = drag coefficient 
C, = specific heat of fluid 
D = apparent diffusion coefficient 
Dy = mean diffusion coefficient for 
diffusing component A 
D, = particle diameter 
F = force exerted on particle by 
fluid stream 
f = g-D,AP/2puL = friction fac- 
tor 
dimensional conversion con- 
stant 
= Gqi/ST = coefficient for heat 
transfer = heat transfer rate 
per unit area of interface per 
unit temperature difference 
across limits of transfer path 
(heat transferred by conduc- 
tion and convection) 
k = thermal conductivity of fluid 
ke = raqi/4C4= coefficient for mass 
transfer = mass transfer rate 
per unit area of interface per 
unit concentration difference 
across the limits of transfer 
path 
L = depth of packed bed 
Nyy = h,D,/k = Nusselt number for 
heat transfer 
Nyw = keDyt;/Day = mass-transter 
number analogous to \ y, for 
heat transfer 
Np, = NaeNp, = Peclet number for 
heat transfer 
= Nyg-Ng- = Peclet number for 
mass transfer 
N’p. = modified Peclet number where 
v=v,, the superficial ve- 
locity of the fluid 
Np, = C,a/k = Prandtl number 
Nae = D,pv'/p = Reynolds number 
= modified Reynolds number 
where v = v,, the superficial 
velocity of fluid 
Nee = #/pD4y = Schmidt number 
n = number of particles per unit 
volume of packed bed 
P = pressure 
AP = difference in pressure’ over 
depth L 
q = heat-transfer rate 
r = mass-transfer rate 
T = absolute temperature 
T= T,-T, 
= velocity of fluid relative to 
particle 
= superficial velocity of fluid 
x, = concentration factor = average 
of (l—-x,) over transfer 
path where x, is the mole 
fraction of component A and 
a, is average mole fraction 
of nondiffusing components 
a’ = 1/N’p, 
p# = absolute viscosity of fluid 
p = density of fluid 


a 
li 


SUBSCRIPTS: 


a denotes a measure of quantity 
per unit cross-section area 
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perpendicular to direction of 
transfer 

ai denotes a measure of quantity 
per unit of interfacial area 

o denotes value of variable, T, 
C4, or v, in undisturbed fluid 
stream 

i denotes value of variable, T or 
C4, in fluid adjacent to inter- 
face 

| denotes value of an apparent 
transport property in a direc- 
tion perpendicular to average 
direction of flow 

|| denotes value of an apparent 
transport property in a direc- 
tion parallel to average direc- 
tion of flow 

m denotes value of an apparent 
transport property caused by 
lateral mixing 
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MULTICOMPONENT DISTILLATION 


lll— Equations in Product Form and Simplified 
Application 


P. G. MURDOCH and C. D. HOLLAND 


Agricultural and Mechanical College of Texas, College Station, Texas 


Generalized algebraic equations, applicable to theoretical-plate multi- 
component distillations in which the volatility ratios and the molal vapor 
and liquid flows remain constant within each section of the column, 
are shown in summation form and in the equivalent product form. For 
a doublet separation in which the relative volatilities and the molal 
liquid and vapor flows remain constant throughout the column, an ana- 
lytical solution giving optimum feed plate location is presented in Equa- 
tions (7), (8), and (11). This solution is further simplified by an ap- 
proximation which amounts to the reduction of the system to an equiva- 
lent binary. The plate requirement, as calculated by use of the resulting 
equations, Equations (12) and (13), is indicated by examples to be of 
good accuracy unless the keys make up only a small fraction of the 
column feed. The time required for a calculation by the approximate 
method is much less than that required for use of the equations presented 


previously (6,7). 


REVIOUS papers (6, 7) have shown 

algebraic equations applying to theor- 
etical-plate multicomponent distillations 
in which the volatility ratios and the 
molal vapor and liquid flows within each 
section of the column are constant. The 
equation for Dxrp/Bx, of any compo- 
nent was in the form of a ratio of sums 
of exponential terms. The purpose of 
the present paper is to present a simpler 
manner of representing this equation 
for any thermal condition of the column 
feed, and to restate the latter equation 
in the form of a ratio of products of 
factors. It will be shown that the prod- 
uct form of the equations leads to con- 
siderable simplification in the numerical 
solution of certain types of distillation 
problems when the volatility ratios are 
constant throughout the column. A solu- 
tion obtained in this way is exact at 
minimum reflux and is of a high order 
of accuracy when the reflux is not far 
above the minimum, as is ordinarily the 


The original manuscript of this paper is 
on file (Document 3504) with the American 
Documentation Institute, 1719 N Street, 
Northwest, Washington, D. C. Obtainable 
by remitting $1.00 for microfilm and $5.25 
for photoprints. 


Page 254 


case for the economically optimum re- 
flux. A still simpler approximation is 
also developed and is shown to be of 
adequate accuracy for ordinary separa- 
tions. It gives the number of rectifying 
and stripping trays separately; it is 
exact for total plates at total reflux, and 
(for the examples investigated) within 
a few per cent at a reflux ratio 25% 
above the minimum. This approxima- 
tion, obtained mathematically, amounts 
to replacing the actual feed to the col- 
umn by an equivalent binary. The latter 
is approximately, but not exactly, the 
same as that employed by Hengstebeck 
(4), who obtained plate numbers 
graphically. 

In general, the algebraic approach has 
resulted in the derivation of equations 
representing the steady-state behavior of 
theoretical-plate distillation columns. 
These equations can be used to develop 
suitable calculational procedures and to 
show logically the effects of changes in 
operating conditions on the performance 
of such columns. The work to date deals 
mainly with the derivation of the gen- 
eral equations and the development of 
suitable calculational procedures. The 


Chemical Engineering Progress 


first paper (6) in this series showed how 
the results of carrying out repeated 
plate-to-plate calculations could be re- 
presented algebraically. Equations were 
not well suited for computational use 
because of their complexity. Harbert 
and Underwood (3, 11) arrived at the 
same equations; Harbert’s approach was 
empirical while that of Underwood was 
algebraic, but using a method of deriva- 
tion differing from (6). In the second 
paper of this series (7), a calculational 
method applicable to doublet separations 
was given. This method consisted of 
setting up and solving simultaneously a 
set of linear algebraic equations. This 
solution was carried out numerically. A 
similar solution, using determinants, has 
been obtained by Alder and Hanson (1). 
The present paper shows in effect that 
when the volatility ratios (a values) are 
constant throughout the column, the 
method of the second paper can be 
greatly shortened. This is because an 
algebraic equation representing the solu- 
tign of the simultaneous equations can 
be used. In addition, this method gives 
an analytical solution for optimum feed 
plate location. 

In order to direct attention to the re- 
sults, the details of the derivations given 
in the original manuscript upon which 
this paper is based will not be given 
here. 

In the interest of uniformity, and be- 
cause the quantities called by Under- 
wood the @ and ™ values are especially 
convenient for minimum reflux calcula- 
tions, a system of nomenclature analog- 
ous to that of Underwood (although 
differing sorhewhat) will be used. All 
flows employed are based on one mole 
of feed. 

The distillation equations of the first 
paper (6) are given in the new Notation 
in Table A-/ of the Appendix. 


May, 1952 


\ 
— 
| 
‘ 
| 
Ge 
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Summation Type Equations for 
Any Thermal Condition of 
Feed 


As can be seen from Table A-I (Ap- 
pendix ), the separation ratio expression, 
Equation (4-14), is simpler for boiling 
point liquid feed (V,= 0) than for a 
partially vaporized feed. The first step 
in the derivations is to express Equation 
(A-14) in a manner which is similar 
for all feed conditions. The new ex- 
pression is 


This equation can be used for the calcu- 
lation of doublet separations, in a man- 
ner analogous to that proposed prev- 
iously (7) for boiling point liquid feeds. 
It is applicable when the liquid and 
vapor flow ratio and the volatility ratios 
are constant within a section of the col- 
umn, but the values in the rectifying 
section may differ from those in the 
stripping section. 


Equations in Product Form. In the 
remainder of this paper, it will be as- 
sumed that each a is constant through- 
out the column. The a value for com- 
ponent ¢ will be labelled aj(a,, = ay; 
= a;). 

The calculational formulas given here 
involve numbers called the r,s, which 
are defined in terms of equations ob- 
tained by generalizing the numerator and 
denominator of Equation (1) separately. 
These defining equations are 


(3) 


That is, the r,s are the roots of these 
equations. These equations would be of 
little use if the appropriate numerical 
values of the r’s could not be determined. 
Actually these values are readily fixed 
at minimum reflux. It can be shown that 
at this reflux 


for 


2sjSh 3 
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h+1Sj<l 


l+1<j<i 


If the column is operating with a reflux 
above minimum, but the components 
lighter and heavier than the keys (the 
“outside components”) are well sepa- 
rated by the distillation, Equations (4) 
and (6) still hold, although Equation 
(5) does not. In the equations to follow, 
the substitutions corresponding to Equa- 
tions (4) and (6) have been made. 
These substitutions have been used in 
solving several numerical examples, re- 
ported below, at 1.25 times minimum 
reflux, and one example (number 1) at 
5.33 times minimum reflux. In each 
case the agreement with the results of 
accurate calculations was good. For 
large refluxes, approaching total, the 
choice of r values does not affect the 
total plate requirement appreciably. At 
total reflux, the total plate requirement 
is independent of the choice of r values. 
Therefore, the substitutions correspond- 
ing to Equations (4) and (6) are be- 
lieved to be adequate for doublet separa- 
tions throughout the entire reflux range 
from minimum to total. 


Doublet Separations. A doublet sep- 
aration is one for which the keys are ad- 
jacent, and all outside components are 
well separated by the distillation. For 
this case 


dsr 
(8) 
where 
= Iribr (On — On) (a — On) 
4 (ay — On) — 
(9) 


— 4%) (a, Der ) 
Jaber (Oa — %) (ban — 
(10) 


As will be shown both P, and P, (see 
Notation) can, in many cases, be set 
equal to unity with satisfactory accuracy. 

The value of r, to be used in Equa- 
tions (7) and (8) lies between ¢,, and 
that is <r, < Within these 
limits the value of r; can be assigned 
arbitrarily, and for each assigned value 
there is a corresponding N and M. In 
other words, the value of r; chosen de- 
termines the feed plate location. 

Underwood has published (12) the 
complicated relation which could be ob- 
tained by eliminating r,; from Equations 
(7) and (8), but has not given the 
separate equations. This relation was 
given for the special case of Example 
No. 4, Table 1. The derivation was by 
direct but tedious algebraic elimination 
from the original summation formulas. 
The relation was not used for calcula- 
tional purposes. 


8, = 


Optimum Feed Plate Location for 
Doublet Separations 


The optimum feed plate location may 
be found either graphically or alge- 


TABLE 1.—STATEMENT OF EXAMPLES 


Relative Volatilities, Separation Specifications, and Feed Compositions for Examples 1-7 


Examples 
1-7 
Comp. 


vo Brs 


Examples 


Example Example Example 
5 6 7 


0.225 
0.450 


Statement 
d 


an 
Specifications 


above 


above 
above 


above 
above 
above 


Feed 
Condition 
Boiling Point 

Liquid 
Boiling Point 
Liquid 
60% Vaporized 
Boiling Point 
Liquid 
Boiling Point 


iqu 
Boiling Point 
Liquid 


Example No. 4, from Underwood (12) 


Rel. Voi. 


Feed Condition: Boiling Point Liquid. 
Reflux Ratio: 5 : 1. 
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0.025641 
39.000 


(5) 
= 4,; 
(6) 
| 
, 
> Ss 
1 d,; 
j=1 1—- 
ar 
1 
: (1) 
| 
y = ri — by ] 
4 (7) | 
| 
1-3 
9 Xr Xr Xr 
=3 1-—-— 2 0.50 0.050 0.15 0.15 0.05 
r; 3 1.00 20.005 0.30 0.30 0.10 
(2) 4 2.00 ist 0.225 0.50 0.05 0.59 
> i 0 No. Ratio 
tag 1 — 5:1 
2 1.25 X min. 
|_| 3 | | 1.25 X min. 
5 1.25 XK min 
: 6 1.25 X min. 
Comp. No. a xr Bre 
i 1 1 0.1 ; 
= 2 2 02 
3 2 
‘ ‘ 02 | 
= 5 5 03 
(4) 


TABLE 


Example 
No. Method 


Algebraic Equations in 
Original Form (6) 

8, Equations 

r Equations 

«, &, Equations 

r Equations 

Underwood Equations 

r Equations 


2.—PLATE REQUIREMENTS CALCULATED BY VARIOUS ALGEBRAIC METHODS * 


* In this and the following tables, plate requirements are for the sake of comparison shown 
to more figures than would be justified in any actual case. 


braically. In either case the method is 
to find the value of r, that makes V + M 
a minimum. The algebraic determina- 
tion is made by differentiating E iquations 
(7) and (8), and setting dM /dN —1. 
The following equation in r;, is des ob- 
tained. 


fa.) ri) (ri — bu) 
(ba — bun) 


on \ (11 On) (bn — 
og a 
— dyn) 
(11) 


This is an ordinary quadratic equation, 
readily solved for r, after substituting 
the numerical values of the ¢’s. Substi- 
tuting the value of r; given by Equation 
(11) in Equations (7) and (8) gives N 
and M for optimum feed plate location. 
When the approximation P,= P,= 1 
is made, the plate requirement can be 
obtained with the knowledge of only 
four roots: dry, Hen, ANG Heyy. 

It has been found that for the ex- 
amples investigated the value of r; cor- 
responding to optimum feed plate loca- 
tion is given with sufficient accuracy by 
the equation 


For the sake of simplicity, plate numbers 
calculated from this value of 1, are, 
however, not shown in the tables. 


$n 


= don (bn den) 


Calculation of Plate Requirements 
for Doublet Separations 


Upon setting P- and P, = 1, the equa- 
tions for N and M are 


(n— — rn) 


lo 
Pe 


N*= 


log 


(13) 


where \* and M* are the approximate N 
and M given by these equations, and corre- 
sponding to P, =P, 

The procedure recommended for the cal- 
culation of plate requirements for constant 
—a doublet separations is as follows: _ 

1. Calculate Gri, and @.: by trial 
from the equations 2,(¢-) = 0 and &,(¢.) 
= 0. To obtain these values with a mini- 
mum of effort, either the method of 
Scheibel (8) or that of Newton (9) may 
be employed. Application of the latter 
method is shown in Table 3. 

2. Evaluate 8,, 8,, and (if desired) r: for 
the optimum feed plate location. , 

3. Substitute the indicated values in 
Equations (12) and (13), obtaining N* and 
M*. 


Comparison with Hengstebeck’s Method. 
Hengstebeck (4) assumed, for calculational 
purposes, that throughout the rectifying 
section of a column the components lighter 
than the keys were present at constant com- 
positions, and that the components heavier 
than the keys were absent. For the strip- 
ping section, these assumptions were re- 
versed. The liquid and vapor flows of the 


keys were calculated on this basis, and the 
plate requirements then determined by 
means of a McCabe Thiele diagram, assum- 
ing only the keys to Le present. This 
amounts to the use of a binary system with 
an equivalent reflux ratio. The method of 
the present paper as given by Equations 
(12) and (13) likewise amounts to the 
ces of the actual system by an 
equivalent binary, but with both the reflux 
ratio and the molal flows of the keys being 
replaced by equivalent quantities which 
differ somewhat from those used by Heng- 
stebeck. In the present method, setting 
~ =P amounts to replacing the 
actual L/V in the rectifying section, or p, 
by the ratio @ra@r:/asa: of the actual sys- 
tem, and making a similar change for the 
stripping section. From the statement of 
the basis (4) of Hengstebeck’s approxima- 
tion, it appears that it is best suited to 
separations involving large N and M. An 
assumption equivalent to setting @n = a 
and ¢.: = a: is also involved; this is pre- 
cisely true only for sharp separations. 
Hengstebeck’s assumptions neglect the ef- 
fects in the rectifying section ef the outside 
lights near the top of the column and of 
the outside heavies just above the feed 
plate ; in the stripping section the effects of 
the outside heavies near the bottom of the 
column and of the outside lights just below 
the feed plate are neglected. The present 
method as given by Equations (7) and (8) 
includes these effects. The approximation 
given by Equations (12) and (13) retains 
some of such effects; the setting of P, = 
P, is made possible by the fact that 
amt of the influence of the outside com- 
ponents cancels even within a single sec- 
tion. The remaining effects of the outside 
components are contained in the @ values 
of the keys. As shown by the definitions 
= 0, G41) = the numerical 
value of each @ depends upon the amounts 
and volatility ratios of all components 
present. 


Example Calculations 


The statements of the examples con- 
sidered in this paper are given in 
Table 1. 


Examples 1, 2, and 4 were selected for 
the purpose of comparing the plate require- 
ments as given by various algebraic equa- 
tions with that obtained by use of the 

“r-equations,” * Equations (7) and (8). This 
comparison is given in Table 2. The most 
accurate figures, and the most easily ob- 


TABLE 3.—CALCULATION OF ¢7: AND THE MINIMUM REFLUX RATIO FOR EXAMPLE 2 


Caleulation of 
Assumed @7: = @e = 0.585 


Comp. Rel. Col. 
a 


aX; (a — da) 


— 0.3350 
— 0.0850 


0.25 
0.50 
1.00 
2.00 


0.0250 
0.1125 
0.450 
0.450 


a— 
—0.074627 
— 1.3235 5.3 

10843 
0.31802 | 
0.00419 


= 0.0000 | 


| D = 0.66429 


= 0.00419 


ride) 


Calculation of Minimum Reflux Ratio 


— 0.08478 
0.41522 
1.41522 


— 0.063187 
1.0322 
0.31797 


0.005357 
0.42858 
0.45000 


ve = 1.2870 


Min. Reflux Ratio = ©” — 1 = 1.9374 — 1 = 0.9374 


D 


0.00419 _ seares 


0.585 — 
on 18.631 


* Recalculation shows that this value is correct to five significant figures. 
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"4 1 
4.20 4.72 9.02 
‘ya 436 4.59 8.95 
a 4.29 4.66 8.95 
2 9.00 8.26 17.26 
: 9.15 8.11 17.26 
ise 4 19.0 19.1 38.1 
15.96 19.13 39.09 
log = 
(12) 
q 
: 
4 
. 
| 
| 
log = 
| 
Dz (a — on) a—on 
2 | 0.010714 
3 0.4150 0.42858 
4 1.4150 0.22500 = 
. 
aq | 
4 | 


TABLE 


Calculation of ¢ra 


Assumed @¢ra = = 0.483 


aDzp 
(a — 


Comp. Rel 
No a 


0.005357 
0.42858 
0.45000 


0.31512 
0.82897 
0.29664 


-CACULATION OF 


Bes = 1 — Dao 


0.1000 
0.21429 
0.021424 


1.4407 
—1.4427 


—Vr 
Qr(¢e) = 


=F) 15 


A427 


0.483 + 30335 


0.48310 


tained, are those from the r-equations. The 
agreement with the s, S equations (7) is 
good, but the difficult trial and error in- 
volved in using the original equations (6) 
leads to some error in these results. 

Example 3 was selected to illustrate the 
determination of plate requirements for sys- 
tems in which the feeds are partially vapor- 
ized. Examples 5, 6, and 7 were selected 
in order to study the nature of P, and P,. 

For purposes of numerical illustration, 
Example 2 was selected. In Table 3, the 
steps involved in the determination of the 
minimum reflux ratio (10) for this example 
are shown. 

The economic optimum reflux ratio is 
often not far above the minimum. U sing a 
value of reflux ratio equal to 1.25(+) mini- 
mum, the vapor flows (V, and V,) are 
then calculated as shown in Table 4. Hav- 
ing evaluated V’, and V,, the corresponding 
@ values (Gra, Gea, Get and @.:) are calcu- 
lated in the manner illustrated in Table 4. 

Knowing the @ values corresponding to 
the keys, r: for optimum feed plate location 
is given by Equation (11). 

If it is desired to evaluate P, and P,, the 
remaining @ values must be determined. 
For all components heavier than the heavy 
key an, and for components lighter 
than the light key az. The ¢.n’s and 
$@-.'s are calculated in the same manner as 


— 0.0020 


= 1.1718 


B = 0.33571 


that shown for @.. and @,: in Table 4. P, 
and P, are then evaluated by substituting 
the @ values in the defining equations for 
the P’s. These values for Example 2 are 
shown in Table 5. 

Upon evaluation of P, and P,, the plate 
requirements NV and M are readily calcu- 
lated as shown in Table 5. In addition, the 
determination of N* and M* is also shown. 

For systems in which the thermal condi- 
tion of the feed is other than boiling point 
liquid, the determination of plate require- 
ment is carried out in a manner similar to 
that shown in Tables 3-5. In Tables 3 and 
4, the thermal condition of the feed must 
be taken into consideration in evaluating 
(1—q), and the vapor and liquid flows. 
In Table 5, the g ratios for boiling point 
liquid feed are unity, but for any other 
thermal condition of the feed, the expres- 
sion to be used is obtained by referring to 
Table A-I/I. For Example 3 the feed is 
partially vaporized. The indicated expres- 
sions are 


Or = 
on 


(Ar + 
(4; + Orn) 
— (Ar+¢a) 


A; is the root of the flash equation shown 
in Table A-III. 


Assumed = 


aBrs 


0.025 
0.10715 
0.021424 


AND FOR EXAMPLE 2 


Calculation of 
= 0.576 


(a — @s) 

—0.326 — 0.076687 

—0.076 — 1.4099 
0.424 0.050528 


0.23524 
18.551 
0.11917 


— 1.4361 18.905 


Ve = 1.4427 


Qs(de) = 0.0066 


ve Ve = 1.4427 


(@e) 


de 
0.0066 


= 0.575 — 


= 0.57565 


In Table 6 the P values are listed for all 
seven examples, as well as the correspond- 
ing N and M, and N* and M*. As a check 
on the last three examples, plate-to-plate 
calculations were made. 

One of the most difficult problems en- 
countered in plate-to-plate calculations is 
the determination, by trial, of the amounts 
of outside heavy components in the top 
product and the amounts of outside light 
components in the bottom product. With- 
out advance information, several plate-to- 
plate trials are necessary to obtain a satis- 
factory match at the feed plate 

It is possible to derive, from the equa- 
tions given in the original manuscript 
expressions for the moles of an out- 
side heavy component in the top prod- 
uct and the moles of an outside light 
component in the bottom product. Values 
of Drow and Brg, calculated by use of 
these expressions, give quite satisfactory 
matches at the feed plate upon carrying out 
the necessary plate-to-plate calculations 

For further comparison, the plate require- 
ments obtained by use of the empirical 
method of Brown and Martin (2) and 
Hengstebeck (4) are given in Table 6. The 
percentage error was calculated on the basis 
of N+M obtained by use of Equations 
(7) and (8). It is to be noted that for all 
examples considered, setting P, = P, = 1 
gives a value of (N*+M*) slightly 


TABLE 5.—DETERMINATION OF N AND M, N* AND M* FOR EXAMPLE 2 


Ora = 0.48310 
Gri = 0.62922 


Determination of V 
(1) Pr = 0.99652 


(2) Br = 


gre Ori 


Jog (1) (2) (03) 
~ Ort 
Orn 


1.0 
— (2)(3) _ 
log 


= 9.15 


9.16 


Ort den (Ort — an) (at — Ort) 


“(an — Ora) (as — Gea) 


Summary of ¢ Values 


= 0.57565 
= 1.0178 


(1) Pe 


= 4.2106 (2) Be 


(3) 


(4) M= 


Solving Equation (11) gives 
ri = 0.58948 —-1 


Bem Oat 


Get Gen (Get — an) (Ost — at) 


Oot — rt 


log (1)(2)(3) 


By Table A-3 
ort on 
orn 


Determination of M 


0.94141 


(da — Ga) (at — der) _ 6.1582 
== 31.086 


8611 


(5) For P, = 1.0 
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— log (2)(3) 


—i= 8.22 


Vol aDzp aBrs 
ae 2 0.50 0.017 18.536 
1.00 0.517 1.6034 
a 2.00 1.517 0.19554 sere ee 
20.335 
— — 
D 
Lr é 

| = be — 
| 

on = 

3 
and 
Gn 
Gat 
out 1 

— - 

(3) 9" — 2.6723 
ori— ri 
log 
Dar 
(5) For Pr 
log 
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TABLE 6.—PLATE BY ALGEBRAIC AND 
ON- ALGEBRAIC METHOD: 


Example 
No. Pr Ps 


1.0094 
0.99652 
0.99309 
1.0509 
1.0371 
0.79902 
0.98939 


0.97810 
0.94141 
0.95119 


0.51508 


M 
Example Hengstebeck M 
No (4) Plateto Plate V + M 
8.95 
17.2 
16.32 
38.09 
16.81 
16.97 
16.23 
* Plate requirements are, for the sake of 
justified in any actual case 


Per Cent 
Error of 
Brown & 
Martin's 
N+M 


Per Cent 
Error of 
Hengstebeck’s 
N+M 


Per Cent « 
ixample Error of 
Ne M* 


+0.70 
+0.74 
+ 1.60 
+1.61 
+4.95 
+6.72 


we 


greater than (N + M), so that the approx- 
imation is conservative. 


Nature of P, and P,. In the quantities 
P, and P,, c values of ¢- and ¢ values of ¢, 
are involved. The determination of all of 
these roots and the evaluation of the func- 
tions themselves are laborious tasks. Ac- 
tually, the products P.8, and P.8, can be 
reduced to expressions involving only the 
four @’s corresponding to the keys, but 
these expressions also are complicated and 
their evaluation is again laborious. 

When a binary mixture is considered, 
follows (by definition) that P, = P, = 
For a multicomponent mixture the P’s de- 
pend primarily upon the percentage of keys 
present in the feed, and secondarily upon 
the symmetry of the feed. Examples 5, 6, 
and 7 (Table 1) were selected for the pur- 
pose of investigating the above dependency. 
\lthough the P’s vary considerably from 
unity, the equations by which N and M are 
calculated are relatively insensitive to the 
precise values of the P’s. The error in- 
volved is small, unless the keys make up 
only a small fraction of the feed. Theoret- 
ical considerations lead to the same conclu- 
sions. For ordinary feeds, the effort re- 
quired to evaluate P, and P, is not justified. 


Conclusions 


For doublet separations the plate re- 
quirement at optimum feed plate loca- 
tion can be determined by use of Equa- 
tions (7), (8), and (11). These equa- 
tions, evaluated with much less effort 
than those proposed previously (6, 7), 
give the optimum feed plate location 
analytically, thereby eliminating the 
necessity for the usual graphical solu- 
tion. For other feed plate locations, 7; 
may be eliminated from Equations (7) 
and (8), and one equation in N and M 


comparison, 


N 
Plate-to- 


N 
Hengstebeck 


Brown and 


M 
Hengstebeck N+M 
Plate-to-Plate Martin (2) 


8.85 
15.55 
14.99 
39.44 
15.55 
15.55 
15.55 


shown to more figures than would be 


obtained. Alternatively, values can be 
assigned to r, (within the range ¢,, < 
<%,,) and the corresponding rectify- 
ing and stripping plates calculated. 

For the examples considered herein, 
the approximate method, Equations (12) 
and (13), is sufficiently accurate for 
ordinary purposes. In this method r, is 
again obtained from Equation (11). 
For all examples considered, the error in 


plate requirements is positive. It can be 
seen from Table 6, that this error only 
becomes appreciable when the feed con- 
tains only a small amount of the keys. 
Regardless of the number of compo- 
nents, only four @ values must be calcu- 
lated for use in the approximate method. 
If minimum reflux is to be calculated, 
one additional @ value is needed (¢,). 
For an ordinary system, it is estimated 
that the minimum reflux ratio as well as 
the number of rectifying and stripping 
plates can be calculated in four hours or 
less. 

The approximate method is similar in 
principle to that of Hengstebeck (4), 
although differing in detail. It is appar- 
ently more reliable than either the 
method of Hengstebeck or that of Brown 
and Martin (2), for constant —a separa- 
tions. 
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Notation 


coefficient in equation for rectifying section, Equation (4-1) ; 


by Equation (4-4) 


=a function of thermal condition of a partially vaporized feed; 


to 


= coefficient in equation for stripping section, Equation (4-8) ; 


by Equation (4-11) 


defined 
equal 


defined 


= total moles of bottom product per mole of feed 


total number of components 


total moles of top product per mole of feed 


functions of thermal condition of feed, appearing in equations in 


Table A-II; 
Table A-III 


defined for a feed of any thermal condition by 


= vapor-liquid molal equilibrium ratio, y/x ; 


vapor liquid equilibrium ratio, y/+, of base component (i.e., component 


for which a = 1) = 


- Sowa 


e 
= molal flows of liquid (per mole of feed) in rectifying and stripping 


sections, respectively 


plate number in stripping section, numbering up from the bottom; m is 
zero for the reboiler, one for bottom plate 


m for feed plate. 


M equals number of stripping plates including feed 


plate, but excluding reboiler 
number of stripping plates including feed plate, but excluding reboiler, 


obtained by setting P, = 


plate number in rectifying section numbering down from top; m is 


zero for top plate 


=n for feed plate. 
feed plate) 


N equals number of rectifying plates (excluding 


number of rectifying plates (excluding feed plate) ; obtained by setting 


P,=P,= 
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i 
N Ne Plate M 
4.29 4.27 5.14 4.66 4.69 
9.15 9.16 9.14 8.11 822 
9.72 9.75 9.50 6.60 6.69 
0.83547 18.96 18.70 soa 19.13 20.00 
ae 0.76136 8.79 8.62 6.97 9.29 8.02 8.46 
aa: 1.1423 8.60 9.70 8.79 8.60 8.37 8.11 * 
8.02 8.08 3.83 8.00 8.21 9.24 
ey: 4 
8.96 9.03 
17.38 16.47 
16.44 15.80 
ee 17.08 14.20 16.07 
17.81 14.96 16.97 
a 17.32 10.91 16.08 
+ 0.89 —1.12 
— 4.58 —9.91 
— 3.19 —8.15 
H +3.54 
—15.53 —7.50 
| —11.84 —8.37 
“a 7 — 32.78 —4.19 
4 
| 
| Ay 
B 
c= 
= 
= 
. 
M*= 
N 
N 
| 
; 
= 


1-21) ‘ ( - Appendix 
P, = Il \___ on J TABLE A-I.—DISTILLATION EQUA- 
(: a; $5 TIONS OF REFERENCE (6) IN 
Rectifying Section 
= heat required to bring one mole of feed from inlet to feed-plate tem- (1 — p) #0 “ 
perature and vaporize it, divided by latent heat of vaporization > oe ss 
of feed 
r; = jth root of Equations (2) and (3), respectively (A-1) 
S;, %; = rectifying functions; defined by Equations (4-14) and (A-15) re- 
spectively 
S;,S’; = stripping section functions; defined by Equations (A-16) and (A-17) DP mesa 
respectively 
V,V, = molal flows of vapor (per mole of feed) in rectifying and stripping a (4): =.= 
sections, respectively (—*) rps 
V, = moles of feed vaporized at feed plate conditions per mole of feed pe 4 
*,; = mole fraction of 7th component on plate n ren 
+m = mole fraction of i’th component on plate m (A-2)g 
X= mole fraction of 7th component in total feed ; 
x = mole fraction of i’th component in liquid part of feed after flashing ¢ ; ; 
¥4 = mole fraction of i’th component in vapor part of feed after flashing >> a6" : 
Yui = mole fraction of 7th component in vapor from plate n : 


Vmi = mole fraction of 7th component in vapor from plate m 


SUBSCRIPTS : 
a = assumed value of ¢, $4. (See Tables 2 and 3) j=1 

B = bottom product (A-3) 
¢ = all components, total number of components, or component having 
largest a value (as indicated by context) 


D = top product I] ( 1— =) 
= column feed 


m = plate number m stripping section (see above) 
n = plate number in rectifying section (see above) 
r = rectifying section 

S$ = stripping section 


h = heavy or less volatile key component a, « =) 

H = any component for which a is less than a, I] ( ee ) 

i,j = component numbers (between 1 and c). Components are arranged in Ors 

order of increasing volatility, 1 being the least volatile and c ixi (A-4)* 
:. being the most volatile 
1 = light or more volatile key component 
L = any component for a is greater than a, Deo; 
1 


Greek LETTERS: 


a = volatility ratio of individual components; a, = (K),/(K), | a lined | Ges 
8, = product of factors; defined by Equation (9) j=1 j=1 
= product of factors; defined by Equation (10) (A-6)* 


| = product of factors = q) =0 
£2 


( nes br ) Stripping Section 

= L,/V, (molal ratio of liquid to vapor flows) in rectifying section 4 biG)" 
= I’,/L, (molal ratio of vapor to liquid flows) in stripping section Pot 


Yar j=1 


p 
> = summation symbol. ( = ) rm 


sum over all components j=1 


(A-8) 


(Notation continued on page 260) (Appendix continued on page 260) 
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Notation 
(Continued from page 259) 


i'th root Equation (4-7), (i = 1 toc) << by 

root of Equation (4-5), (i = toc) 
ith root of Equation (4-12), (i= ltoc) a,< oy < 
rectifying section function; defined by Equation (A-5) 
stripping section function; defined by Equation (A-12) 
function defined by Equation (4-7) 


dn 


ui 
2, 
2,(¢) 
2,(¢) 
0’, = first derivative of indicated function with respect to 


Appendix 


j=1 j=! 1 
Stripping Section e 


1— 


j=1 are 


(l—o) xm 


L—-L= I= Ly 


* See Notation for 


isi 
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TABLE A-IIL—VALUES OF gr; AND gus 


Thermal Conditions of Feed at Feed 
Plate Pressure 


e 
= Supercooled 
ius Boiling Point Liquid 


Partially Vaporized Vy ( oy ) Ar+ ) 


arn 


e 
| | Dew Point Vapor 


j=1 j=1 
Ss andes Brides 
ed awl, 


where 
Whole Column As Lr 
Feed Partially Vaporized 
and (K)y» is the vapor-liquid equilibrium ratio of the base component at the temperature 
and pressure of the feed after flashing in the column. The quantity 4; is calculated from 


the flash equation 


i=1 arn 


+ Note that if a is constant throughout, the a ratios are replaced by unity in the 
definitions of and gu. 
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HE corn wet milling industry is one 

which supplies a product—corn- 
starch—known and used by many people 
in a direct or indirect form. Yet the 
process by which the starch and other 
products from corn are produced is 
known to relatively few. In order, then, 
to discuss the recent developments in 
wet-starch processing, this paper de- 
scribes briefly the basic process first so 
that the value of the improved methods 
and equipment will be more readily un- 
derstood. 

The wet-starch portion of the over-all 
wet milling process usually consists of 
those sections which receive the corn 
into the plant and process it to the point 
where the starch is washed and is ready 
to be sent on for the preparation of 
starch products. Such products comprise 
laundry starch, special starches for in- 
dustry, and food starches, including 
those converted to corn syrup and sugar 
(dextrose ) 

Wet-starch process operations may be 
considered as a series of separations. 
The corn kernel consists essentially of 
starch, protein, oil, fiber, and solubles. 
The bulk of the protein is in the gluten 
fraction and is customarily referred to 
as gluten. The process, then, separates 
in a liquid medium: (1) the oil-bearing 
germ from the rest of the kernel; (2) 
the coarse and fine fiber from the starch 
and gluten; (3) gluten from the starch; 
(4) the bulk of the liquid from the 
gluten, and (5) the solubles from the 
starch. 

In the process of making these 
separations, portions of some streams 
are recycled; however, only the forward 
movement of the main stream will be 
discussed here. Further, the water bal- 
ance in the system is an important fea- 
ture in the process, but it will not be 
described other than to point out that 
the wet-starch process is “bottled-up.” 
This means that no process water is sent 
to the sewer. The only fresh water 
added to the system is that which is used 
to wash the starch in the final stage of 
the wet-starch process. This water 
moves in a generally countercurrent 
manner through the process. Ultimately 
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it is evaporated, and the concentrated 
solubles (heavy steepwater) are added 
to the animal feed. 

Operation of the wet-starch process is 
essentially an art. As such, the manipu- 
lation of the various streams will vary 
somewhat with each supervisor. It is 
only within recent years that scientific 
control, as known to the chemical engi- 
neer, has been applied to the process. 
Ww ith this background in mind then, and 
with the help of the accompanying flow 
sheet (Fig. 1), a general description of 
the wet-starch process follows. The 
numbers on the appended basic flow 
sheet relate the equipment shown with 
the description in the text. 


Shelled corn is received usually in box 
cars and is unloaded by means of a drag 
line scraper known as a corn shovel into 
a hopper under the track. From this re- 
ceiver, the corn passes through cleaners 
which remove stones, stalks, other grams 
and field dirt. It may be sent then to stor- 
age in elevators, or directly to the process. 
The first step in the wet process is the 
steeping of the corn for about 48 hrs. at 
125° F. to rehydrate the kernel and to 
soften the bond between the starch granules 
and the glutenous and fibrillar matrix ma- 
terial. The steeps (1) may be of the open 
type which function under atmospheric 
pressure, or of the closed type which oper- 
ate under a few pounds gage pressure. 
Sulfur dioxide is used in the steep liquor 
for the double purpose of controlling the 
bacterial action, and of assisting in the soft- 
ening of the matrix holding the starch 
granules. The lactic acid formed by bac- 
terial action may assist in the steeping 
process, also. 

After steeping, the softened kernels pass 
through suitable conveyors into the deger- 
minators (2). These degerminators are 
attrition mills equipped with plates espe- 
cially designed for corn germination. The 
purpose of this operation is to free the 
germ intact from the remainder of the 
kernel. In addition to this, much of the 
starch is freed by the mill action and the 
kernel is broken and dispersed so that the 
germ and starch may be separated from 
the fiber by subsequent operations. The 
germ is floated off from the remainder of 
the material in a sink-float type of separa- 
tor (3). The liquid in the separator is a 
gluten-starch suspension maintained at a 
controlled gravity. Each of the degermina- 
tion and germ separation operations is 
usually carried out in two stages. The germ 
is then washed in several steps to recover 
the starch using a screening device such as 
a reel (9) for the purpose. After washing, 
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the germ is dewatered by a pressure-type 
machine such as the Davenport squeezer 
(10), the Zenith squeezer, or the Anderson 
expeller. Final dewatering is accomplished 
in driers (11) of the rotary type heated by 
steam. In order to protect the oil proper- 
ties, drying is usually done in two stages. 
Removal of the oil from the germ and its 
subsequent refining are not properly part of 
the wet-starch division, but in smaller plants 
are included in this part of the organization 

After the germ has been removed, the 
underflow from the separators (6) passes 
over a reel (7) or similar screening device 
to separate the coarse fiber, which is essen- 
tially the hull material, from the fine fiber 
and grits. These grits are not to be con- 
fused with Brewers’ grits which are a fin- 
ished starch product. The process grits are 
hard particles of the kernel ranging in size 
from almost pin-point dimension to that of 
a lead pencil point. The 
taining the grits and fine fiber is passed 
over another screening device (8) oven 
with a filter medium of bolting cloth. 
should be mentioned at this point that, in 
wet-starch terminology, tailings consist of 
that material which discharges over the 
end of a screen, and a filtrate is the 
liquid portion passing through a screen. It 
may be, as in this case just mentioned, 
mixture of water, gluten, starch, fine fiber, . 
and grits, or a slurry of water, gluten, and 
starch such as passes through a bolting 
cloth screen, or a relatively clear water 
filtrate from a starch filter. The slurry 
filtrate of gluten and starch, then, from 
these latter screens (8) is known as grit 
starch and is sent forward. Tailings from 
the grit screens are combined with the 
coarse fiber tailings from the previous reel 
station (7) and the mixture is passed 
through Buhr mills (12) to break down 
the small grit particles to free the starch. 
At the same time starch is rubbed from 
the fiber in the mix. The Buhr mill dis- 
charge then passes to the next operation 
for the separation of fine and coarse fiber 
and of the starch and gluten from each of 
the fiber streams. 

As a first step, the Buhr mill discharge 
is passed over a screen (13) separating the 
coarse fiber from the fine fiber, starch, and 
gluten fraction. The coarse fiber then re- 
ceives several more washes on reels or 
other types of screen, to recover the starch 
which is mixed with the fiber. Following 
the washing, preliminary dewatering is 
accomplished by a pressure machine (14) 
such as is used in the germ channel. 

Returning to the first-wash, coarse fiber 
screens (13), the filtrate containing the fine 
fiber, starch, and gluten passes over other 
screening devices (16) which may be reels 
or shakers, covered with bolting cloth. The 
fine fiber tailings are given several addi- 
tional washes and are then sent to a filter 
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(17) for preliminary dewatering. The filter 
cake is added to the dewatered coarse fiber 
and the mixture is sent to the driers (15). 
These may be two stages of rotary fire 
driers, or a flash drier. 

Ihe filtrate from the first-wash, fine fiber 
station (16) contains the gluten-starch 
mixture, known as mill starch, from the 
fiber channels, while the filtrate from the 
grit station (8) previously mentioned con- 
tains the mill starch freed by the milling 
operations. These two streams may 
joined and processed directly, or the grit 
mill staich may be filtered and the cake 
added to the fiber mill starch and this 


mixture processed. In either case the mill 
starch is screened before further treatment. 

In the fine fiber or grit washing systems, 
there is always the possibility of a tear in 
the bolting cloth. Fiber may get into the 
mill starch channel from this cause or from 
spillage. To remove this fiber, the mill 
starch is passed over clean-up reels (18). 

After cleanup and possible concentration 

(19), separation of the starch and the 
piwead is accomplished by passing the mill 
starch over long settling tables (20). The 
starch settles while the gluten with some 
starch tails over. The tabling operation is 
intended to produce a prime starch. After 
a suitable length of time, the supply to a 
section of the tables is shut off and any 
gluten remaining on the surface or in sur- 
face pockets is removed by a stream of 
process water from a hose. This cut, known 
as squeegee, is usually returned to the table 
supply. The prime starch remaining on the 
table is then removed by a flushing opera- 
tion. For the removal of the solubles re- 
maining in the starch, the suspension is 
filtered on a rotary vacuum filter (21), 
washed on the filter, reslurried and refil- 
tered. This refiltration is repeated, the 
number of times depending on the end-use 
requirements, After this washing proced- 
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Fig. 1. Basic wet starch flow sheet. 


ure, the starch passes out of the wet-starch 
division. 

Going back to the tabling operation 
(20), it was previously mentioned that the 
gluten, together with some starch, tails over 
the end of the tables. This gluten slurry is 
then settled in some style of tank (22, 23) 
or in a Dorr thickener. The supernatant 
liquid is drawn off, fortified with sulfur 
dioxide, and used as the steeping liquor. 
The thickened gluten is filtered (24), dried 
in rotary (25) or flash driers and then 
mixed with the dried fiber to form the sev- 
eral grades of feed. 


This, then, is the general basic proc- 
ess. Modifications of the basic scheme 
are employed by some plants, and, of 
course, the specific operation of the sev- 
eral stations will vary from plant to 
plant. 

In the past 15 years there have been 
several improvements of interest within 
the framework of the basic process. In 
addition, there have been three major 
changes in the process itself: replace- 
ment of starch tables by centrifuges; 
stripping and concentration of gluten by 
centrifugation; and elimination of the 
Buhr mills and the coarse fiber system 
by a disintegrator-pulper combination. 

Of the changes within the over-all 
process, one is at the degerminator sta- 
tion (2-5) where single runner mills are 
replacing the old double runner ma- 
chines. These latter mills frequently are 
belt-driven and require about a bay of 
space (15 ft. by 15 ft.) per unit. Leak- 
age may exist because the supply mater- 
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ial passes through the eye of a rotating 
element. The single runner mills, on the 
other hand, are compact, with the direct- 
drive motor mounted on the mill base. 
Two or more of these units may be 
installed in a bay. The supply to the 
mill passes through a stationary eye, 
thus minimizing the leakage at this 
point. In addition, by the use of an 
ammeter on the single motor the load 
on the mill may be more simply con- 
trolled by the operator. Another advan- 
tage is that only one set of plates needs 
to be balanced, thus saving a little on 
the cost of the plates, and on the time 
required to replace a set of plates in 
the mill. 

Another improvement has been the 
replacement of silk bolting cloth with 
nylon on reels (8, 16, 18) and shakers. 
The nature of the silk thread permitted 
bacteria to lodge and multiply. Without 
a frequent cleaning program the open- 
ings in the silk closed up in a short time. 
When using nylon, the smooth thread 
offers little for the attachment of the 
bacteria, and the cleaning schedule can 
be extended to about once a month. In- 
creased strength and life are other ad- 
vantages of nylon. 

While on the subject of nylon, the 
substitution of this material on starch 
filters has effected better performance 
and longer cloth life. Nylon is used to 
some extent on gluten filters (24) also. 

The shakers and reels used in the fiber 
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washing stations ave always presented 
housekeeping and maintenance problems. 
High humidity and sulfur dioxide con- 
centrations make working conditions in 
the area unpleasant. In addition, these 
same conditions cause corrosion of 
building steel and concrete. To cope 
with this situation, one procedure has 
been to replace the old-style open shak- 
ers and reels with totally enclosed, unit- 
ventilated, shakers such’ as the Rotex, 
RoBall, Patterson or Link-Belt ma- 
chines. A space and capacity saving re- 
sults when this type screen replaces reels 
and old-style shakers, as well as reduc- 
tion in building maintenance and im- 
provement in working conditions. 

An innovation at the first separator 
reel station has been the use of station- 
ary inclined screens (4) to replace the 
reels. Operation at this station is simply 
a dewatering of the fiber to reduce the 
moisture content of the supply to the 
second pass degerminator. The inclined 
screens have effected considerable econ- 
omy because there are no moving parts, 
practically no maintenance, and a con- 
siderable saving in floor space. 

The corrosion problem has received 
much attention. Type 316 stainless steel 
and glass-lined iron pipe and fittings are 
replacing the old wood, steel, and cast 
iron materials. 

Several new types of equipment have 
been tried for the replacement of various 
units in the treatment of gluten. A few 
have survived and are being used. 


One of the earlier attempts at gluten con- 
centration involved use of a completely sub- 
merged filter. Two or more vacuum filter 
elements resembling the leaves of an Amer- 
ican filter were operated in a gluten settler. 
The gluten suspension was filtered on 
these leaves for part of the cycle, and the 
cake was blown off by air or liquid during 
the discharge part of the cycle. In this 
way liquid was removed from the tank, 
and the slurry was concentrated by the 
return of the gluten filter cake. Several 
problems developed in this attempted use of 
submerged filtration and its application was 
not extended. A modification intended to 
eliminate some of the undesirable features 
of the submerged leaf was a tubular-type- 
filter element operating in a cycle similar 
to that of the leaf. However, when this 
system was expanded to handle large pro- 
duction, it was found to be uneconomical 
when compared with a 55 per cent sub- 
mergence, vacuum drum filter such as the 
Filtration Engineers, Inc. model. Of the 
types of equipment found satisfactory for 
concentration, centrifugals are the most 
popular. Use of the centrifugal concentra- 
tion will be discussed later 

At the coarse fiber and germ squeezer 
stations (10,14), use of a Zenith press has 
been found satisfactory. In some instances 
a portion of the fine fiber is mixed with the 
coarse fiber supply to the press. 

In the drying of gluten and fiber, flash 
driers are being used to some extent to re- 
place rotary umts (15,25). Some modifica- 
tions in general design are necessary to 
prevent fires in a gluten flash drier. Mois- 
ture and temperature conditions must be 
controlled closely for safety, also. 


Of the three major changes in the 
basic process, the one most generally 
employed throughout the wet milling in- 
dustry is the use of centrifuges for 


primary starch separation, that is, for 
the partial or complete replacement of 
tables. 


A starch table is roughly 110-120 ft. long 
and about 20 in. wide. Tables are built 5-6 
to a section. The capacity of a table is 
about 100 dry bushels equivalent per day 
when starch is deposited to a depth of 2-2% 
in. at the upper end of the table. A dry 
bushel is 56 Ib. dry substance, and a dry 
bushel equivalent is that amount of dry 
substance at the station in question equiva- 
lent to a dry bushel input at the steeps. At 
this station the amount of gluten and starch 
normally in a dry bushel is augmented by 
the amount of gluten and starch in the 
squeegee stream per dry bushel returned 
to the table supply. In comparison with 
tables a centrifuge such as the Merco 
B30 with its ventbox occupies a floor space 
about 10 by 12 ft. However, in making a 
comparison with table area, the floor space 
occupied by the second-stage centrifuge and 
by the auxiliaries must be added to that of 
the first-pass unit. The capacity of a first- 
stage B30-unit is of the order of 7000-8000 
dry bushel equivalent per day. Centrifuges 
for primary starch separation may be oper- 
ated in one of two ways: a high quality 
gluten and a low quality starch are produced 
as first-stage discharges; or a low quality 
gluten and a high quality starch are pro- 
duced. The second-stage centrifuge re- 
works the low quality discharge. In this 
country, the first procedure is generally 
used. 


There are both advantages and disad- 
vantages in the use of centrifuges for 
primary starch separation. There is a 
considerable time factor involved in 
tabling ; a cycle requires about 8 hrs. In 
contrast, the centrifuge operation is al- 
most instantaneous. Further, the time 
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Fig. 2. Modernized wet starch flow sheet. 
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the starch remains on the tables permits 
possible contamination by bacterial ac- 
tion and dirt. This is avoided in the 
centrifuge. Building space and cost are 
reduced when using centrifuges. On the 
other hand, the first cost of a Merco 
centrifuge is high. In addition, an 
operator of higher grade is required for 
centrifuge operation than is required for 
table operation. Generally speaking, the 
usual two-pass centrifuge system does 
not produce a starch of as low a protein 
content as does a table. On the whole, 
however, the advantages of centrifugal 
separation seem to outweigh the disad- 
vantages. 


The gluten discharge from the first- pass 
primary centrifuge, while high in protein 
content, is low in solids concentration. This 
material must be thickened before filtration 
because a gluten high in protein and low 
in solids, less than 12 oz./gal., is difficult 
to filter. Centrifugal concentration of 
gluten from 2-4 oz./gal. insolubles to 14-16 
oz./gal. is readily accomplished by the 
DeLaval nozzle-type centrituges frequently 
used for this purpose. A recent addition of 
flushing tubes to the bowl assembly by the 
manufacturer has improved the operation of 
the concentrator. As a further advantage, 
use of the centrifugal concentrator elimi- 
nates need for a space- and time-consuming 
“aie or Dorr thickener. 

In connection with table operation, cen- 
trifuges are now used to strip more starch 
from the gluten tailings from the tables. 
This gluten contains about 6 oz./gal. in- 
solubles consisting of about 40% protein, 
45% starch, and 15% other material. The 
gluten is concentrated to 14-16 oz./gal. by 
settling or centrifuging before being sup- 
plied to the strippers. Good stripping oper- 
ation produces a gluten of 6-8 oz./gal. 
insolubles containing about 60% protein and 
a starch discharge containing 9-11% pro- 
tein. A stripper by itself may be operated 
to produce a high protein gluten, or a low 
protein starch traction; a choice must be 
made as to which type of product is desired 
because both cannot be obtained at the same 
time. In an effort to obtain both, a recent 
modification of the stripping procedure 
involves the use of both strippers and re- 
strippers. The former are set to produce 
a gluten of high protein content, 65-68%, 
and a resulting starch with a protein con- 
tent of 16-20%. This starch fraction is 
restripped to produce a starch containing 
8-95 protein. This type starch is used in 
the manufacture of certain specialties. 

Here again, the gluten discharge from the 
stripper is too light for filtration. Cen- 
trifugal concentrators are used to raise the 
insoluble content to a value suitable for 
filtration. The top or liquid discharge from 
a concentrator so used will contain about 
1 oz./gal. insolubles. As this water is used 
for steeping, the insolubles must be reduced 
to about 50 gr./gal. An effluent satisfac tory 
for steeping is produced by allowing the 
aa to rise as a foam and separate from 
the liquid. 


The most recent major change in the 


basic process is the use of a disinte- 
grator-attrition mill combination to re- 
place the Buhr mills and the coarse fiber 
system. Buhr mills in one form or an- 
other have been used for centuries for 
grinding grain. 
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In the wet milling industry, the Buhr 
stones used are 54 in. in diam. The upper 
stone, known as the runner, is weighted 
with concrete to about 3,000 Ibs. and during 
operation rests on the material being 
ground. The outer 10-12 in. of the stone 
are dressed to do the grinding while the 
inner portion contains the furrows which 
distribute the supply to the grinding area. 
Operation of a Bulr mill is a well-devel- 
oped art. 

However, there are few young men learn- 
ing this art; that has been the lament of 
the older millers the past several years. In 
addition, the stones must be dressed fre- 
quently and good stone dressers are in- 
creasingly difficult to find. Stone dressing 
is somewhat dusty, and unless adequate pre- 
cautions are observed, silicosis may be con- 
tracted by the stone dresser. In normal use 
a mill is out of service for eight hours 
every five days for redressing the stones. 
€ -onsiderable work in preparing a new stone 
for service is required. The stone as re- 
ceived has been cut roughly to size. In the 
preparation, the size is cut more accurately, 
the furrows are cut, and the stone is dressed. 
In addition, the rotating stone must be 
weighted with concrete. An operating dis- 
advantage of the Buhr mill is that in case 
of failure of supply stream to the mills, 
the runner must be raised immediateiy, 
otherwise burning of the stone takes place. 
When a stone is badly burned, it must be 
redressed. 

Most of these difficulties are overcome by 
use of the disintegrator-attrition mill com- 
bination. At the present, a Rietz disinte- 
grator paired with a Bauer Bros. or Sprout 
Waldron pulper is used. Essentially the 
Rietz disintegrator is a vertical hammer 
mill with fixed hammers rotating at high 
speed in a horizontal plane inside a full 
300° screen. By use of the proper screen 
combination, fine fiber, starch, gluten, and 
liquid pass through the screen and are dis- 
charged through an annular duct, while the 
coarse fiber discharges downward from in- 
side the screen assembly. The coarse fiber 
discharge is as free of starch as the mater- 
ial in the old process after Buhr mill grind- 
ing and four stages of washing. In addition, 
the fiber is as dry as that leaving the 
squeezers after the fourth wash station. In 
other words, the coarse fiber may be deliv- 
ered directly to the first-stage drier. The 
supply to the Rietz disintegrator contains 
a mixture of coarse fiber, fine fiber, and 
grits, all carrying attached starch. The dis- 
integrator cleans the coarse fiber, knocks 
considerable starch off the fine fiber and 
grinds some of the grits. 

To recover more starch from the fine 
fiber and grits in the liquid phase discharge, 
this fraction is screened over nylon bolting 
cloth, and the tailings are fed to a pulper 
attrition mill. This mill is a special double- 
runner machine having the heads mounted 
on shaft extensions of the motor armature. 
On the heads are mounted plates of a style 
suitable for grinding the grits. As these 
plates are cast, each assembly must be 
ground to a reasonable true plane before 
mounting. For control of the grinding of 
the grits there is a fine adjustment on the 
setting device for the plate clearance. In 
the operation of the mill, the plate opening 
is practically zero, and the plates are 
actually held apart against spring pressure 
by the material being ground. So far, no 
other style mill has been found which can 
compete economically with the pulper. 


There are several advantages and 
economies in the use of the disinte- 
grator-pulper combination. In the first 
place, four stages of coarse fiber wash- 
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ing and one station of squeezers are 
eliminated because the coarse fiber is 
discharged from the disintegrator clean 
and dry. In the second place, Buhr mills 
with all their attendant troubles are also 
eliminated. This means that a mechanic 
may be substituted for a miller at this 
station, that easily obtained perforated 
screens of uniform quality are substi- 
tuted for irregular quality Buhr stones, 
that retipping of the hammers by a 
welding operation is substituted for 
stone dressing, and that because one 
compact 18-in. disintegrator has twice 
the capacity of a Buhr mill, considerable 
floor space is saved. In addition to these 
points, no adjustment of the disinte- 
grator is involved in operation, and 
failure of the supply stream causes no 
trouble. The accompanying modernized 
flow sheet (Fig. 2) shows the incorpora- 
tion of these developments in the wet- 
starch process. 

Instrumentation is being used to some 
extent in the wet-starch processing, but 
there is much more to be done in this 
field. Temperature and flow-recording 
devices are being used successfully. 
Progress is being made in specific 
gravity recorders and controllers. Per- 
haps the most completely instrumented 
section of the wet process is the cen- 
trifugal station for primary starch 
separation. Good centrifuge operation 
demands constant conditions of flow 
rate, wash water rate, supply gravity 
and starch discharge gravity. Control 
instruments are desirable for maintain- 
ing constancy in these streams. 

During the past 15 years the corn wet 
milling industry has begun to feel the 
impact of modern technology. The im- 
pact, however, has made but a dent in 
a structure developed, and developed 
well, over a span of a century as an 
art. Those who work in process devel- 
opment have discovered how hard it is 
to make changes or improvements which 
will show a saving. It is true that most 
of the equipment could be made to look 
more attractive, and that in many cases 
working conditions could be made more 
pleasant. However, the equipment and 
processes evolved from hard experience 
and by hard work on the part of those 
who have grown up in the industry are 
functionally quite efficient. Future im- 
provements to be made by chemical 
engineering technology probably will be 
based on a better scientific understand- 
ing of corn structure and components, 
on a better knowledge of what really 
happens at each stage of the process, 
and on a more precise knowledge of the 
basic factors of chemistry and physics 
applying to the composition and proper- 
ties of the entities involved. 


(Presented at A.I.Ch.E. Kansas City 
(Mo.) Meeting.) 
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SOME METHODS OF EXPERIMENTAL 
STUDY OF VAPOR-LIQUID 
EQUILIBRIA 


8. H. Sage und H. H. Reamer 
California Institute of Technology 
A DISCUSSION is presented of the 


minimum experimental thermal, volu- 
metric, or phase-equilibrium data required 
for the establishment of the phase behavior 
and thermodynamic properties of pure sub- 
stances and mixtures. The general methods 
of making such measurements in both 
homogeneous and heterogeneous systems 
are described. There is also a review of the 
basic relationships and quantities involved 
in the estimation of the properties of the 
individual phases of a heterogeneous equi- 
librium. Means of presenting the properties 
of such systems are discussed along with the 
procedures for calculating values of these 
properties from the basic experimental data. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 3 (1952). 


FUGACITY OF VAPOR MIXTURES 
E. R. Gilliland ond T. E. Sullivan 


vy of Technol 


HIS paper presents experimental work 

on the direct determination of the fu- 
gacity of ethylene in mixtures of ethylene 
and nitrogen, ethylene and hydrogen, and 
ethylene and ethane. The fugacity of the 
ethylene was controlled by the use of the 
solid compound it formed with cuprous 
chloride. The experimental runs covered 
temperatures from 0° to 40° C. and pres- 
sures up to 4000 Ib./sq.in. abs. The experi- 
mental data indicate that the Lewis and 
Randall fugacity rule can be greatly in 
error for these mixtures. Several other 
rules, among them Kritschewsky’s, the iso- 
metric-intercept, and the partial-molal, give 
better agreement with the experimental 
data. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 18 (1952). 


PREDICTION OF CRITICAL PROPERTIES 
AND EQUILIBRIUM VAPORIZATION 
CONSTANTS FOR COMPLEX 
HYDROCARBON SYSTEMS 


M. J. Rzasa, E. D. Glass, and J. B. Opfell 
Stanolind Oil and Gas Company 
CORRELATION by which converg- 


ence pressures of complex essentially 
paraffinic hydrocarbon systems may be esti- 
mated is presented based on a relationship 
between the critical pressure of the system 
and the product of the molecular weight and 
specific gravity of the heptanes plus frac- 
tion. A chart has been prepared for temper- 
atures up to 400° F. Published experimen- 
tal data on phase behavior in binary and 
complex hydrocarbon systems have been 
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Abstracts of papers published in “Phase-Equilibria—Pittsburgh and Houston,” Chemical Engineering 
Progress Symposium Series No. 2, Vol. 48 (1952). The volume may be ordered from Chemical Engineer- 
ing Progress, 120 East 41st Street, New York 17, New York.* 


correlated using the convergence pressure 
as the variable te describe the effect of 
composition on the equilibrium-constant 
values. These values covering the range of 
pressures to 10,000 Ib./sq.in. abs. and tem- 
peratures from 40° to 500° F. have been 
tabulated and charted, and an example table 
is presented. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 28 (1952). 


DEVELOPMENT OF ISOTHERMAL AND 
ISOBARIC EQUATIONS—Vapor-Liquid 
Equilibrium in Nonideal Systems 


K. T. Yu and James Coull 
University of Pittsburgh 


HIS paper considers the activity coeffi- 

cient of a component in binary and mul- 
ticomponent mixtures under isothermal and 
isobaric conditions. A more exact thermo- 
dynamic expression is developed and a rapid 
graphical solution is evolved to evaluate the 
constants under isothermal conditions. An 
isobaric equation is also presented for the 
activity coefficient when the standard state 
is consistent or inconsistent. Good agree- 
ment is obtained with experimental data. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 38 (1952). 


THERMODYNAMICS OF SOLUTIONS— 

Analysis of Vapor-liquid Equilibria 

Otto Redlich, A. T. Kister, and C. E. Turnquist 
The Shell Develop Company 

I the thermodynamic analysis of vapor- 


liquid equilibria, fundamental properties 

the liquid and vapor phases are derived 
from experimental data collected under the 
most favorable conditions, mainly for bi- 
nary mixtures near atmospheric pressure. 
These properties furnish a consistent and 
convenient basis for the calculation of equi- 
librium ratios. A system of flexible methods 
for thermodynamic analysis is discussed and 
illustrated, and an approximate equation of 
state is presented for use in many practical 
problems. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 49 (1952). 


CONJUGATE LIQUID-PHASE 
EQUILIBRIA—C, Hydrocarbon-Furfural- 
Water Systems 
John Griswold, R. V. West, and K. K. McMillin 
The University of Texas 


QUILIBRIA data are presented as 
single-, two-, and three-phase iso- 
therms for propane, propene, and the com- 
mercial C, hydrocarbons (separately) with 
furfural water. 
Solubilities of the hydrocarbons in the 
furfural phase with no conjugate phase 
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correlate consistently with temperature and 
water concentration. A single relation, ap- 
plicable for all water concentrations and 
temperatures (75° to 200° F.), correlates 
conjugate-phase data in terms of activity 
coefficients for each of the hydrocarbons 
between liquid hydrocarbon and furfural 
phases and also equivalent data for the 
water between water and furfural phases. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 62 (1952). 


EXTRACTIVE-DISTILLATION 
SEPARATION OF N-BUTANE 
FROM BUTENES-2 


H. V. Hess, E. A. Neragon, and C. A. Coghlan 
Beacon Loboratories of the Texos Company 


APOR-LIQUID equilibrium data for 

the n-butane—butenes-2 system in the 
presence of a number of selective solvents 
are presented and serve as bases for selec- 
tion of solvent and solvent dosage to be 
used in the extractive-distillation pilot plant. 
Superior solvents were found to be aniline 
and furfural modified by the addition of 
water. A continuous extractive-distillation 
pilot-plant investigation of the separation 
of n-butane from butenes-2 was carried out 
by use of aniline and furfural solvents. 


Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 72 (1952). 


VAPOR-LIQUID EQUILIBRIA IN THE 
METHANOL-STYRENE-LATEX SYSTEM 


O. E. Dwyer and W. P. Gleich 
University of Rochester 


APOR-LIQUID equilibrium data ob- 

tained experimentally are compared 
with calculated equilibria derived from 
swelling measurements. The vapor-liquid 
équilibrium data were obtained by a static 
method over concentration and temperature 
ranges of practical interest—methanol con- 
centrations up to a mole fraction of 0.17 
on a methanol-water basis, styrene concen- 
trations up to a styrene/polymer ratio of 
0.166, and a temperature range of 30°-95° C. 
Very good agreement between the experi- 
mental and the calculated equilibria was 
obtained, indicating that swelling measure- 
ments of polymers in solution may be a 
useful tool in obtaining vapor-liquid equi- 
libria for polymer-solvent systems, at least 
for systems that are nonpolar. These con- 
clusions are important in the synthetic-rub- 
ber industry. 
Chem. Eng. Progress Symposium Series— 
“Phase-Equilibria--Pittsburgh and Hous- 
ton,” 48, No. 2, 80 (1952). 


* See advertisement, page 66, News Sec- 
tion, for details. 


(The remaining abstracts will appear in 
the June issue.) 
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CAST ALLOY REFERENCE SHEET 


N. S. MOTT, Chief Chemist Metallurgist 
The Cooper Alloy Foundry Co., Hillside, N. J. 


ALLOY: CORROSION RESISTANT 65% 
NICKEL, 32% COPPER ALLOY. 


APPLICATIONS AND REMARKS: Monel 
metal is very resistant to corrosion 
under reducing conditions where the 
stainless steels do not stand up. In 
the absence of air or oxidizing agents 
it may be used to handle solutions 
of sulfuric, hydrochloric, and hydro- 
fluoric acids over a considerable 
range of concentrations and temper- 
atures. It is the main metal which is 
used to resist halogens and halogen 
acids at elevated temperatures, and 
hot caustic solutions. Its application 


oil refining industries. Basic cost is 27 
cents a pound over 18-8S. 


DESIGNATIONS: CAST MONEL METAL. 


CHEMICAL COMPOSITION , RANGE: 
C < .30%; Ni 63-67%; Cu 28-32%; 
Si < 2%; Fe < 3.5%. 

MACHINABILITY: Monel metal ma- 
chines less readily than 18-8S and 
requires use of high speed or 
cemented corbide tools ground to 
sharp cutting edges, ample flow of 
cutting compound, and lower feeds 
and speeds. If impurities are present 
in the metal, tears quite often result. 


HEAT TREATMENT: Not heat treated— 
used in “as-cast” condition. 


WELDABILITY: Monel metal of high 
quality may be welded by arc or 
gas methods without danger of 
cracking if correct techniques are 
used; however, when appreciable 
amounts of sulfur and lead impuri- 
ties are present cracking adjacent to 
the weld deposit may occur, espe- 
cially if the carbon content is on 
the high side. When welding with 
oxyacetylene use a neutral or slightly 


reducing flame as an oxidizing 
flame will pro- 
duce a brittle 
weld through 
burning, and 
too much acety- 
lene may cause 
brittleness by in- 
troducing ex- 
cessive carbon 
into the weld. 


is widespread 
in the form MECHANICAL AND PHYSICAL PROPERTIES: 
of valves, 
fittings, and 
miscellaneous 
castings in 
the chemi- 
cal pharma- 
ceutical, food, 
paper and 


Tensile Strength, 1000 tb./sq.in. . Melting Point ...... 2400-2450°F 

Yield Point, 1000 tb./sq.in. . Specific Heat (Btu. (Ib.)/* 32- 

Elongation, % ate 212° F. 

Reduction in % Thermal (x 10 sin. tin. »/° F.) 
32-212 

Brinell Hardness 


Charpy Impact (Std. Keyhole ft.lbs.) 32 of 


Mod. of Elasticity (x 10° Ib./sq.in.) Electrical Resistance (Ohme. cir. mil. ft.) 
Specific Gravity @ 32°F. 320 


0.13 


6.8 
(Btu 
180 


CORROSION 


Sulfuric 10%, 176 a 
Sulfuric 10%, boili 
Sulfuric 78% "(60° Be), 
Sulfuric 93% (66° Be 
Sulfuric 93%. 
Oleum, 70 F 
Mixed Acids 57% 
28% HN*Os, 176 F 


RESISTANCE 


OXIDIZING ALKALINE SALTS 
Calcium Hypochlorite 2, 70 F 


176F 
70F Sodium Hypochlorite 5%, 70 F 
300 F . Sodium Peroxide 


ACIDS 
Acetic 5%, 70 F 
Acetic 5%, boiling 
Acetic 80%, 70 F 
Acetic 80%, boilin, 
Acetic Glacial, 70 
Acetic Glacial, boiling 


Benzoic 5%, 70 F 
Boric 5%. 176 F 


Chromic 10%, 70 F 
Chromic 
Chromic 
Citric 
Citric 25%, 
Citric 50%. 


Formic 5%. 


PAPER MILL APPLICATIONS 
Kraft Liquor 

Black Liquor 

Green Liquor 

White Liquor 

Sulfite Liquor, 176 F 
Chlorine Bleach 

Paper Makers Alum 


OXIDIZING ACID SALTS 
Ammonium Persulfate5 % 


Cupric Chloride 1%, 70 F 
Cupric Sulfate 10%, 70 F 


Ferric Chloride 10%, 70 F 
Ferric Sulfate, boiling 


Mercuric Chloride 2% , 70 F 
Stannic Chloride 5%, 70 F 


.70 


ALKALIES 
Ammonium Hydroxide. all concs. 
Calcium Hydroxide Sat., 70 F 
Calcium Hydroxide Sat., boiling 
Sodium or | Hydroxide, 


all concs., 70 
. boiling 


Sodium 
or Potassium 
Hydroxide 30% boiling 
Sodium or Potassi Hyd 


Molten, 600 F 


PHOTOGRAPHIC INDUSTRY 
Humid Atmospheres 
Cellulose Acetate 
Acetic Anhydride 
Acetic Acid + .1% HsSOx« 
Developers 
Solutions Containing SO: 
Silver Nitrate, 70 F 


Selling 
boiling 
70F 
Hydrochloric | 
Hydrochloric 
Hydrochloric 5% 
Hydrochloric 
Hydrochloric 2 
Hydrofluoric 48%. 
Hydrofluoric 48%. 


Lactic 5%, 70 F 
Malic, all temps 


Nitric all concs., 70 F 
Nitric 65%, boiling 


Oleic all concs., all temps 
Oxalic 5%, boiling 


Phosphoric 70 
Phosphoric 65%, 70 fF 
Phosphoric 85%, boiling 


Steark concentrated to 200 F 
Sulturic 2%, F 

Sulfuric 2%. 176 F 
Sulfuric 2%. boiling 
Sulfuric 5%, 70 F 
Sulfuric 5%, 176 F 
Sulfuric 5%. boiling 
Sulfuric 10%. 70 F 


< 20% 


WET AND DRY GASES 


Chlorine Gas Dry, 70 F 
Chlorine Gas Wet, 70 F 
Sulfur Dioxide Dry, 575 F 
Sulfur Dioxide Wet, 70 F 
Sulfur Dioxide Solution, 70 F 
Sulfur Dioxide Spray, 70 F 


Hydrogen Sulfide Dry 
Hydrogen Sulfide Wet 


FERTILIZER MANUFACTURI 
+ HF 


znommom 


NEUTRAL AND ALKALINE SALTS 
Barium Sulfide, 70 F 
Calcium Chloride 5% 
Calcium Sulfate Sat., 70 F 
Magnesium Chloride 5%, 70 F 
Magnesium Sulfate 5°, 70 F 
Sodium Carbonate, all concs 
Sodium Chloride 5%, 70 F 
Sodium Sulfate 5%, 70 F 
Sodium Sulfide 5% 


.70F 
Sodium Sulfite 5%, 70 F 


PICKLING OPERATIONS 


H.SO.+Dichromate 176F N 
H2S0.+ HCl, 176 F G 


CORROSIVE WATERS 
Acid Mine Water F 
Abrasive Acid Mine Water N 
Sea Water 
Brackish Water 


176F 


ZM 


ORGANIC MATERIALS 
Acetone, 70 F 
Acid Sludge (50% H2SO,«), 200 F 
Alcohol—Methyl and Ethyl 
Aniline Hydrochloride, 70 F 
Benzol, 176 F 


Carbon Tetrachloride 
Chloroform 


Ethyl! Acetate, 70 F 
Formaldehyde, 70 F 
Phenol 5%, boiling 
Refinery Crudes 
Trichlorethylene. boiling 


Mmmm oO 


FOOD & ASSOCIATED 
PRODUCTS 

Brines 

Edible Oils 


ACID SALTS 
Alum 10%, boiling 
Aluminum Sulfate 10%. 
Ammonium Chloride 5“. 
Ammonium Sulfate 70 F 
Ammonium Sulfate 10% boiling 
Ammonium Nitrate, all concs., 70F 
Stannous Chloride 5%, 70 F 
Zine Chloride 5% boiling 


Fats 

Fatty Acid Distillation 
Fruit Juices 

Ketchup 

Milk Pasteurizing 
Vinegar and Salt, 70 F 


41212191212) 
MOOOMMMOOMZN 


RATINGS: 
E— Excellent resistance 
G— Good rematance 
F-—Fair resistance 


0.00, mar 
in 
0042-0.120 in 


in. per year of penetration. Corrosion so slight as to be harmless 

per year of penetration. Satisfactory service expected; at most a slight etch, 

of penetration per year. Satisfactory service under specific conditions. Light to moderate attack. 
P—Poor resistance. 0120-0420 in. of penetration per wear. Satisfactory for temporary service only. 


No resistance. 0.420 min. in. of penetration per year. Rate of attack too great for any use. 
t—Subject to pitting type corrosion. 
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TEST nuclear detonation, such as 
was recently demonstrated over 
Yucca Flats, Nevada, is not the culmina- 
tion of an atomic test, it is approxi- 
mately the halfway point. From the 
spectators’ view it is the most spectacu- 
lar of any of the revealed way points 
on the road to understanding nuclear 
weapons, but behind the spectacle there 
has been much scientific labor, and 
much is yet to be done after the burst. 
The purpose of this article is to trace, 
within the limits of classification, some 
of the scientific background necessary in 
making such a burst possible and in 
evaluating the results afterward. 

Just as the development of the first 
bomb and the production of Us,, and 
plutonium was a co-operative achieve- 
ment of every scientific discipline, trade, 
and business, so are the atomic tests at 
Nevada and Eniwetok. Chemical engi- 
neers are the important cogs in making 
the fissionable material, and as interested 
partners in the enterprise, the story of 
the work and planning behind a test 
should have considerable interest. This 
Editor was one of the observers at News 
Nob on April and this story con- 
cerns the scientific co-operation behind 
“Operation Big Shot,” as it was unofn- 
cially known. 


Why a Test 


Compelling reasons are behind experi- 
mental nuclear explosions. Fissionable 
materials are expensive and rare, and 
the cost of such operations must be siz- 
able. Recognizing this, the Atomic 
Energy Commission has standardized a 
procedure of test approval which ulti- 
mately reaches to the President of the 
United States. 

Perhaps the idea for the test comes 
from the scientific corps. If so, the re- 
quest is examined to see whether the 
data can be obtained in any other way 
except the detonation of an “experimen- 
tal nuclear device.” If not, and the im- 
portance of the request, along with 
others, is deemed sufficient, approval 
moves through the test director's office 
to the Atomic Energy Commission itself. 
Approval means further and final con- 
sent by the President of the United 
States, who is the only man in the coun- 
try with the power to approve a nuclear 
explosion. 

The recent experiment at Yucca Flats 
was made primarily to determine blast 
pressures, and to measure the velocity 
of the air mass surrounding the point of 
detonation of the device being tested. 

Alvin C. Graves, test director of the 
Nevada proving grounds, in a briefing 
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to the correspondents touched on the 
background of such tests, and the reason 
for them. He revealed that it is not 
necessary for a “weapon” to be used in 
order to evaluate weapons, but that the 
information obtained will help in their 
design. Here then is the primary point 
of test shots—more efficient use in 
weapons of fissionable materials. 


Said Dr. Graves, “In the process of de- 
signing the best nuclear weapons, consid 
eration is given to many different designs. 
A large part of the possibilitie s, or a large 
number of possibilities can be eliminated in 
the laboratory by experience or by theoret- 
ical computations, but eventually one is left 
with a choice between several different de- 
signs which cannot be eliminated without a 
great deal of work and effort. In such cases 
a field test is indicated in the interest of 
saving time and in the interest of getting 
ahead as fast as possible with the weapons. 
When we reach this condition the Los 
Alamos Scientific Laboratory decides on 
some sort of gadget or device which can 
settle the question. We often used the 
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-OPER ATION 
BIG SHOT 


phrase ‘experimental nuclear device or de- 
vices, or something of that sort, and rather 
insisted on the use of such phrase rather 
than ‘weapon or atomic bomb.’ This is be- 
cause these devices, when tested, will b« 
simplified so that they will give an 
answer to a single question. Moreover, 
one would like to minimize use of material. 

We do not use more than is neces 
sary. Consequently the device detonated is 
usually not useful as a weapon design. 
However, the information that is obtained 
will eventually affect the design of some 
stockpile weapon and hence improve the 
position of this country. 

“The usual design problem is set when 
Strategic or technical considerations tell us 
first of all the necessary method of delivery 
with the attendant size and weight limita- 
tions and the required yield. 

“In the field then, we will detonate these 
devices and design experiments to answer 
two basic types of questions. First, how the 
device operates, and second, what are the 
effects of such devices on material. In the 
first category our e xperiments are to deter- 
mine yield and efficiency and to prove that 
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CO-OPERATION BIG SHOT 
(Continued from page 17) 


the measured yield was not a fluke, and in 
the second category are all the experiments 
to determine neutron rays and energies as 
functions of time and distance, as well as 
tests of the protection afforded by struc- 
tures, shelters, and the like. Also the con- 
verse problem of how best to attack is 
investigated. The tests in this series are 
designed to answer questions in both cate- 
gories. 

“The field tests we made in Eniwetok and 
Nevada have made it possible for us to in- 
crease efficiency and yield of stockpile 
weapons in sizable amounts. We cannot say 
in what amounts, but certainly sizable. My 
estimate is that the activities of the Nevada 
Site have about doubled our rate of ac- 
quisition of knowledge. This increase has 
materially improved our ability to defend 
our country. These tests have made it pos- 
sible to design weapons for a wide variety 
of strategic and theoretical situations, and 
satisfactory to many kinds of fields.” 

It is in the design of these “gadgets” 
that nuclear physicists and armament 
experts co-operate to build efficiency into 
the A bomb. The responsibility for var- 
ious models of weapons is that of the 
Sandia Laboratory, of the Sandia Corp. 
and Los Alamos Scientific Laboratory. 
Dr. Norris Bradbury of the latter and 
Dr. Donald Quarles, president of Sandia, 
revealed something of the purpose and 
method behind the different bomb de- 
signs. According to these men a basic 
nuclear explosion is an easy thing to 
obtain, but the problem before the scien- 
tists is to create efficient explosions. 
According to Dr. Bradbury, a critical 
mass is not a function of amount only, 
but also depends on shape, shape density 
and surroundings. In making an A 
bomb, two or more subcritical masses 
are combined. In making the change 
from the subcritical size, to the super- 
critical size “the role of high explosives” 
is studied very carefully, according to 
Dr. Bradbury. He further revealed that 
the calculation of the energy released 
from an exploding critical mass is not 
yet solved. He said that in 1945, before 
the first test at Alamogordo, an attempt 
was made to predict the energy release 
from the detonation, using all the then 
available information about such atomic 
processes. The results of the calculation, 
he continued, predicted only half of the 
amount actually measured when the 
bomb went off. Recently, the scientists 
worked the same problem again, only 
this time they used the information that 
six years of experiment had uncovered 
plus all the modern ca!<r'ation devices 
and techniques. Results predicted an 
energy release for that first bomb which 
was twice that actually measured. This, 
he said, is proof of the need for actual 
experiment on the field in determining 
the answers to fundamental questions. 
“And,” he continued, “the frequency of 
the tests indicates the rapidity with 
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which fundamental questions are being 
raised by atomic scientists.” 
Our atomic strength, Bradbury stated, 


is related to three basic things: the | 


number of bombs, or production, the 
yield of the bombs, or efficiency, and the 


deliverability of the bombs. All this, he | 


indicated, calls for the continued co- 
operation between the scientists and the 
military. 

Dr. Quarles revealed that various 
bombs had been developed by Sandia to 
meet different situations efficiently. Dur- 
ing a question period, it was stated that 


though there had been no fizzles or dud | 


A bombs, there had been occasions when 
different designs had failed to live up 
to expectations as far as the generation 
of energy was concerned. 


Weather Studies Important 


For any test, weather conditions are | 
of concern, and here another field of | 


scientific study is called on to play a 
vital role. Not only must the weather 
be clear for an air drop (radar aiming 
is not used for the drops) but wind 
currents must also be known to prevent 
the atomic cloud from drifting over 
populated areas. Lt. Col. E. H. Karstens, 
of the U. S. Air Force Air Weather 
Service, was in charge of the meteoro- 
logical survey. Weather and wind con- 


ditions for an atomic test, he said, must | 


be pin-pointed to a 5-to-15 mile area. 
Data from Alaska, Japan, Hawaii, ships 
at sea, as well as regular weather bur- 


eaus are all used to predict conditions | 


at the test site. Tonopah, a hundred 
miles to the northwest of Yucca Flats, 
has a full-scale weather base to warn 
of any last-minute local changes. Some 
twelve hours before the 
weather scientists must know what the 


cloud cover is going to be, must be able | 


drop, the | 


to predict wind currents, whether it is | 


going to rain and where, and what the 
wind direction and velocities are going 
to be at 10,000- and 20,000-ft. levels. 
For the latter they use balloons and mea- 
sure drift from nine Theodolite stations 
in the area. 

All these factors are important, and 
an adverse report for any one of the 
conditions may be enough to cause 


postponement, even at the last moment. | 


Radiation Monitoring 


Protection of participants, as well as | 
those outside the test areas, is another | 
scientific activity. The Atomic Energy | 


Commission’s Biology and Medicine 
Division studies effects of radiation and 
sets standards and working conditions 
for those exposed. Dr. Shields Warren 
spoke on the task, and said that a limit 
of 0.3 roentegen units a week had been 
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CARBIDE’S COAL-HYDROGENATION 
PLANT ON STREAM 


An_ $11,000,000 coal-hydrogenation 
plant dedicated solely to the production 
of aromatic chemicals, was placed on 
stream in March and opened to the press 
for inspection last month at Institute, 
West Virginia, by Carbide and Carbon 
Chemicals Company. The new unit bids 
fair to make the company as much of 
a dominant pioneer in the commercial 
production of the cyclic compounds as 
it is in the production of straight chain 
aliphatics. Officials were quick to ex- 
plain that the plant and the process were 
not designed to make fuels, but would 
be used solely to obtain the many chem- 
ical compounds stored in the complex 
macro-molecule which is coal. Carbide 
has been working on the problem of coal 
hydrogenation for some 17 years, and 
according to its president, J. G. David- 
son, will have invested about $20,000,000 
in research and plant on the problem by 
the end of this year. From the start, 
officers of the company said, the idea of 
splitting the coal complex into its chemi- 
cal components has been the one that 
appealed as being the only economical 
approach to coal hydrogenation. To ob- 
tain fuel through hydrogenation of coal 
seemed to the Carbide technical organi- 
zation as a marginal operation at best, 
especially in the United States which is 
well endowed with liquid fuels from 
petroleum. 

The decision to make chemicals was 
founded on long market studies of the 
aromatic chemical supply. Except for 
benzene and toluene, the only source of 
raw material is from the by-product 
coke ovens of the steel industry. Effec- 
tively the supply of these chemicals, 
Carbide reasoned, was limited by the 
growth of steel production facilities. 
Since the steel industry is growing at 
a rate of about 3 to 5% a year, and 
the demand for products made from 
aromatics or its intermediates is grow- 
ing at a rate, in some cases, of 25 to 36% 
a year, “chicken wire chemistry,” as it 
is dubbed by the Carbide technical staff, 
seemed the next logical step for develop- 
ment. 

There other natural reasons 
why the field appealed. Carbide’s thirty 
years has been spent in making syn- 
thetic organic chemicals. Knowledge 
and capital have made the firm the sec- 
ond largest chemical producer in the 
world, and know-how for making com- 
plex materials was ample and deep in 
the technical staff. Then, too, the re- 
current scares about the depletion of nat- 
ural gas, and the slow but steady in- 
crease in demand for natural gas as a 
domestic fuel, made the possibility of 
an expensive raw material for their ali- 


were 
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phatic chemicals move into the realm of 
probability. In 1935 the research be- 
gan, and an appreicable factor in creat- 
ing a favorable economic condition was 
the fact that hydrogen, the most 
expensive raw material in thd process 
was to be had in quantity at the Charles- 
ton, West Virginia, and other produc- 
tion units of the Company, as by-prod- 
ucts from dehydrogenation processes. 
Coal, according to Dr. George T. Fel- 
beck, vice-president of the Company, 
costs about 4¢ a pound, while hydro- 
gen is about 3 to 6 cents a pound. The 
availability of hydrogen for the asking 
overcame what might have been a ma- 
jor economic problem. 


Technical Problems 


Flow charts will be shown in the June 
issue of “C.E.P.,” but for this article, 
a few of the technical details are impor- 
tant to an understanding of the eco- 
nomic background. Much of the proc- 
essing is similar to the German and the 
Bureau of Mines techniques. It is a 
high pressure process using about 4000 
Ib./sq.in. pressure and temperatures of 
300 to 500° C. The heart of the process 
is the converter, which cokes up in a 
short time in operations designed for 


fuel. Carbide states that one of the im- 
portant engineering feats of this “pilot 
plant” is the continuous aspect of the 
converter which will not coke up and 
require shut-downs for cleaning. Fur- 
ther, the amount of hydrogen used in 
the Carbide operation should be con- 
siderably below that of the tuel op- 
erators, since in obtaining the more com- 
plex aryl molecule from coal, less hydro- 
gen is needed than in splitting coal into 
lighter gasoline products. Still another 
major difference created by engineering 
in the plant is the fact that the reten- 
tion time in the hydrogenators has been 
reduced from nearly an hour, as in fuel 
installations, to a few minutes. 
Recovery processes have also been im- 
proved to the point where automatic con- 
trols can well take care of the monitor- 
ing necessary for continuous production. 


Pilot Plant? 


Carbide considers the 
stallation a pilot plant only in the 
sense that it is flexible. Now on stream 
since the middle of March, the equip- 
ment is still being run to determine max- 
imum operating conditions and yields. 
Basic conditions, such as the amount 
of catalyst, the optimum working pres- 
sure (it may not be a fixed pressure, 
it may depend on what is wanted), the 
best temperatures, and the proportion of 


Institute in- 


(Continued on page 22) 


Air view of the new coal-hydrogenation chemicals plant opened recently at 
Institute, West Virginia, by Carbide and Carbon Chemicals Co. At upper right, 
coal storage and conveyors to grinding and coal pasting unit. Center top shows the 
high pressure converter installation with the hydrogen compressor building, top 


rear. 
products separation structure, the 
receiving and storage 
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In the center of the picture, and in order to bottom right, are the heavy 


separation plant and the product 


May, 1952 


‘ 

| 
\ 
| 

| 

ie 


HUDSON SOLO-AIRE EXCHANGERS 


Pictured above is an installation of HUDSON SOLO-AIRE JACKET WATER 
COOLERS providing cool water to the power cylinders, compressor cylinders, 
and lubricating oil coolers of ten 800 horsepower gas engine driven compres- 
sors. The coolers, using air as the cooling medium, and operating with inlet 
air temperatures ranging seasonally from below zero to 105° F, deliver cool 
OTHER HUDSON “TP” COOLING EQUIPMENT jacket water at a uniform, controlled temperature the 
s For this installation the great expense of obtaining 
and treating raw water determined the selection of 
HUDSON SOLO-AIRE units—rather than HUDSON 
water cooling tower with HUDSON water-cooled units. 
The use of air-cooled units in this compressor station 
precluded the loss through evaporation of about 90 
gallons per minute of raw water. 
HUDSON SOLO-AIRE units are in use in a great 
variety of process cooling and condensing services in 
chemical plants, refineries, and gas processing plants. 


HUDSON 


WuDsON ENGINEERING CORPORATION 


Bulletins on 
Fonmanct FAIRVIEW STATION HOUSTON, TEXAS 


Chemical Engineering Progress 


| 

] 

| 

coi 

To 

ATMOSPHERIC i 
SECTIONS 

4 

mailed upon request 
Vol. 48, No. 5 Page 21 


ONE CEMENT 


acids 
y.-alkalies 
solvents 


ALKOR 5E is the nearest approach to a universal corrosion-proof 
cement. It is the particular combination of resistance character- 
istics that makes ALKOR 5E of tremendous importance to industry. 

It is important for you to know that your acid-proof construction 
will not be destroyed by alkalies or solvents in any phase of your 
processing operations. It is also important that you can standardize 
on this one cement, proven to withstand and protect against such 
a wide range of corrosives. 


ALKOR 5E is a resin cement based on a furfuryl alcohol 

polymer. In addition to resistance to all non-oxidizing 

acids, alkalies and solvents; it also resists fats, oils and 
greases; and may be used for tempera- 
tures up to 380° F. ALKOR 5E has no 
offensive odor; and its low shrinkage as- 
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CARBIDE COAL HYDRO- 
GENATION 
(Continued from page 20) 


hydrogen are being varied in an attempt 
to learn production know-how impos- 
sible to obtain on laboratory equipment. 

Dr. Felbeck in a talk to the editors 
described the philosophy behind the 


| building of the plant as follows: 


“Actually this is no pilot plant. It cost 
twice as much as our original plant built 


| here at South Charleston im 1925. It is a 


full scale venture in the sense that at its 
rating of 300 tons of coal a day, we should 
make a profit. If we can push the capacity 
to 500 to 600 tons a day, as our laboratory 


| data indicates is possible, then the project 


becomes extremely attractive. From an 


| engineering standpoint, the 300-ton plant is 


large enough to give us data . . . in the 
near future to design a very large plant 
with assurance . . . a plant which would 
process around 3000 tons of coal a day.” 


Products 


While the production of certain of the 
products from the pilot plant will be 
small, considering the national total from 
coal tars, there are enough of the heavy 
complex chemicals in the end product 
so as to be a factor in the market. As 
far as benzol is concerned, the hydro- 
genation process will turn out about as 
much for a ton of coal processed as is 
obtained in coking, but as the complex- 
ity of the molecule increases so does the 
yield comparison. From one ton of coal 
it is expected that, compared to coking, 
hydrogenation will give 5 to 8 times 
more naphthalene, 60 to 80 times more 
phenol, 300 to 500 times more quinoline, 
and an infinitely greater yield of aniline 
since it is not isolated from coke ovens. 

Making Carbide even more bullish on 
the process is the fact that other units 
of the company are potential users of 
many of the products. Coke, one of the 
by-products, can be used by Electro 
Metallurgical Co. in its furnaces, Bake- 
lite will use phenol for its resins, Na- 
tional Carbon uses pitch coke, while 
ethane and methane will find a ready 
home in the aliphatic operations of the 
chemical group itself. 


NEW LAB. FOR 
DU PONT COMPANY 


Plans for construction. of a new 
$2,000,000 Haskell Laboratory of Indus- 
trial Toxicology near Newark, Del., 
were announced by the Du Pont Co. 

This will provide enlarged facilities 
for the company’s industrial toxicology 
laboratory which has been located at the 
Du Pont Experimental Station since 
1935. The Haskell Laboratory tests 
Du Pont products and manufacturing 
processes to eliminate every potential 
hazard to employees and customers. 
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CO-OPERATION BIG SHOT 
(Continued from page 19) 


set as a safe dosage of radioactivity, | 


which is well below the danger point. 

The task of protecting the troops on 
the bombed Nevada desert, and of all 
persons living in an area 200 miles from 
the test fell to a Radiological Safety 


Unit, short-termed Rad-safe. In areas | 
beyond 200 miles the New York opera- | 


tions office of the A.E.C. takes over the 
responsibility. 


Here is the monitoring history of | 


Operation Big Shot, and it is fairly 
typical. Troops in the field had with them 
Rad-safe teams, and after the burst, 
dust, weapons, personnel and the 
ground, including ground men were 
checked and radiation levels noted. 
Paratroopers made their move out of 
the area just twenty minutes after zero, 


and were monitored at the planes before | 


climbing aboard for their jumps. At H 
(zero or burst time) plus twenty min- 


utes, a helicopter entered the vast dust | 


cloud for monitoring purposes. After 


about an hour, troops were given the | 
signal to advance and enter the blast area. 


As found out in later interviews, they 


approached to within 150 yards of | 
ground zero—only two hours after the | 


blast. In the meantime the atomic cloud 
itself, was receiving radiological atten- 


tion. Its rate of climb and direction | 
were plotted, and F 84 and T 33 Jets, | 


with samplers on wings, were sent 
through the radioactive mass to collect 
dust for later measurement. The track- 
ing of the cloud itself was the task of 
a special B 29, and as long as the cloud 
exists as such B 29 monitors trace its 
journey. 

On the ground, the activity of the 
on-site radiological groups in checking 
target vicinity, vehicles, and personnel 
have been mentioned. In addition, off- 
site groups of Rad-safe check the radia- 


tion drop-out at fixed stations and at 
other points manned with teams brought | 
to the site by plane and truck. All | 
towns within a 200-mile radius are | 


checked. 


If warranted an area from 200 to 500 
miles from the site is measured by the | 
National Monitoring System. Units are | 


flown by air force C 47 to stations and 


towns bracketing the cloud, to take sam- | 
ples of dust on gummed paper, or with | 


suction-type collectors. 

Beyond the 500-mile area, the National 
Monitoring System maintains 121 sta- 
tions, mostly U. S. Weather Bureau 
posts, to collect continuously dust and 
rainfall samples, which are sent to the 
A.E.C. laboratories in New York for 
activity counts. Keeping tabs on a cloud 
that is visible is not too difficult, but 
after the cloud disperses (the April 22 
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HEAT on... 


for increased production involving 
heat transfer, the Readco Double- 
Arm Jacketed Mixer offers definite 


advantages. 


Its unique bow! design provides a 
greater ratio of heated surface to 
the volume of mix. Close clearances 
between the mixer arms and shell 
eliminate build-up of materials, per- 
mitting increased heat transfer ef- 


ficiency. 


Overlapping sigma arm mixing ac- 
tion exjoses new surfaces and breaks 
down the entire mass with each ro- 
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tation, producing a 
homogeneous mix in 
a short mixing cycle 
and eliminating peak 
loads. 

The flush-plug dis- 
charge gate prevents 
accumulation of dead 
volume. It can be 
supplied for manual, 
hydraulic or pneuma- 
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Brown Advanced Instrumentation 


Topay’s tremendously increased demand for syn- 
thetic resins and rubbers is being met by greatly 
accelerated production of vinyl type and other 
polymers. Keeping pace with this gigantic effort is 
the production of Plexiglas at the modern Rohm & 
Haas plant at Bristol, Pa. 


Control of every significant step in this polymer- 
ization process is synchronized by efficient, co- 
ordinated Brown Instrumentation. From a cen- 
trally located panelboard, these instruments insure 
precise regulation of even the most complex 
exothermic reactions, where process variables must 
stay within stringent limits. 

When choosing recording and controlling instru- 
ments for your vinvl polymerization process, or 


any polymerization process, consider first: 


@ Brown Creative Instrumentation—the know-how 
developed through many years of application ex- 
perience in the industry. 

@ The completeness of Brown equipment—encom- 
passing sensing elements, recorders, controllers, 

(both conventional and graphic), 
valves and accessories. 

For a detailed discussion of control requirements of 

your process, call in our local engineering repre- 

sentative . . . he is as near as your phone. 
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Leakproof valving of air... 

corrosive materials . . . slur- 

ries... solids... volatile and 
viscous substances 


Hills-McCanna Diaphragm Valves can 
eliminate the problems involved in valv- 
ing many of the so-called “hard-to- 
handle” fluids. By employing a simple 
pinch clamp principle, Hills-McCanna 
valves put an end to leakage, repacking 
and contamination. 

Hills-McCanna Valves are available 
handwheel or lever operated or for 
operation by pneumatic or hydraulic 
cylinders, diaphragm motors, electric 
motors, etc. Choice of 14 diaphragm 
materials, 49 body materials. Sizes from 
%" to 14". Suitable for pressures to 150 
psi., temperatures to 180° F. (higher with 
special materials). Screwed or flanged 
connections. 

Write for Catalog V-52, HILLS- 
McCANNA CO., 2438 W. Nelson St., 
Chicago 18, Ill. 
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If your process requires 
the valving of 
“hard-to-handle” fluids... 
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LEAK TIGHT 
VALVING 


Compressor is raised, lifting dia- 
phragm by means of a stud molded 
into the material. 


and diaph 
lowered. Compressor 


Compressor presses diaphragm 
tightly against weir, pinching off 
flow and making a tight seal. 
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CO-OPERATION BIG SHOT 
(Continued from page 23) 


cloud was gone five or six hours after 
the test) the radioactive dust, in effect. 
becomes part of the air mass, tracked 
only by its activity as measured by the 
monitoring system and plotted on maps. 
As might be imagined, meteorologists 
have learned much about mass air move- 
ments above the United States from the 
prots already made of this moving, in- 
visible mass. Radiation levels from the 
dust have in the past been below 0.1 
mr./hr., two days after the blast. Normal 
background radioactivity varies from 
0.01 mr./hr. in New York to 0.05 mr./ 
hr. in Denver. 

According to Merril Eisenbud, direc- 
tor of the New York operations office, 
Health and Safety Division, radioactiv- 
ity from the cloud is not dangerous and 
indeed needs extremely sensitive instru- 
ments to detect it. 


“The radioactivity irom atomic weapons 
tests can be measured with sensitive equip- 
ment in exceedingly minute amounts at 
great distances from the site of detonation,” 
Mr. Eisenbud said. “The amounts observed 
during past test programs have been so 
small that many radioactivity measuring 
instruments would be unable to detect any 
increase over normal background radiation. 


“Background radioactivity varies geo- 
graphically to some degree and it also varies 
hour to hour during the day. During past 
tests, the average increase in radioactivity 
across the country was of a magnitude no 
greater than the ordinary background 
radioactivity. . . . In isolated instances, 
higher levels were measured, but in all cases 
the levels of radiation were far below those 
considered to be of public health signifi- 
cance.” 


Long Distance Damage 


One of the most fascinating scientific 
studies used is that of predicting where 
the blast from the atomic bomb will go, 


| and where it will create damage. Atomic 
| Energy Commission has, at times 
| been surprised at the blast damage 


bombs do at considerable distances, 
while closer areas are completely un- 


| seathed. During some of the early oper- 
| ations the test shots broke a number of 
| windows in Las Vegas, some 76 miles 


from the test location, but did no dam- 
age to areas between. Why this blast 
wave should skip in the peculiar way 
it did, bewildered the A.E.C. and last 
fall they began experiments to unravel 
the mystery. Head of the study group 
is Dr. Everett F. Cox, who is now cor- 
relating the vagaries of weather, the 
blast yield of the bomb, and the pecu- 
liarities of sonic waves. Dr. Cox said 
that in using TNT explosions to check 
methods of predicting blast waves, in- 
struments were placed at Indian Springs 


| about 45 miles away. Blast strengths 


ranging from one unit to 3200 units 
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were recorded from the same size TNT 
charges, fired at exactly the same time, 
and in the same place but, five weeks 
apart. The only difference was the 
weather. 

The reason for the skipping tenden- 
cies of the blar: is due apparently to 
temperature inversion in the upper at- 
mosphere. These conditions are fairly 
common in the morning over desert ter- 
ritory where the air is usually hotter 
one or two thousatd feet above the 
ground than it is next to the ground. 
Since sound travels faster in warm air 
than in cool air, the more rapid travel 
in the warm air, causes the blast waves 
to bend downward. As each sound ray 
hits the ground it is again reflected, and 
the bending «f the sound waves is re- 
peated owing to the inversion pattern. 
From meteorological studies the scien- 
tists are able to predict, to some extent, 


where the sound and blast damage will | 


concentrate. Focusing of such energy 
has been responsible for most of the 
damage at distant points. 

For the Nov. 1 test of last year, 
Dr. Cox said meteorological situations 
existed in two directions: toward the 


northwest the sound velocity decreased | 
with altitude and the blast rays were all | 


bent upward. At the same time in the 
opposite direction, a double-focus situa- 
tion was found (after the blast was 
over) to exist. One focus of the blast 
was about seven miles from the bomb. A 
second existed about forty miles from 
the bomb. After one reflection of the 
focus at forty miles, the blast energy 
again hit Las Vegas taking out 11 plate 
glass window: and knocking dishes from 
shelves. Although the shock wave pres- 
sure at Las Vegas was equivalent to a 
35-mile wind, window construction was 
such that it could not withstand the 
negative pressure wave which occurs 
after the blast has passed. 

As far as predicting where blast 
damage from a shot will strike, Dr. Cox 
said there are two main troubles pre- 
venting accurate estimation—those of 
weather and the deficiencies of meteoro- 
logical instruments. Weather balloons 
can ascend only 24 miles. However, 
some of the sound rays are bent back 
by an air layer which exists 25 to 40 
miles above the earth (ozonosphere). It 
is known, he said, from data collected 
from V2 rockets, that this is a hot layer 
of air and is responsible for some of 
the sound waves heard at great dis- 
tances. 


“During the series of atomic weapon tests 
conducted here last October and Novem- 
ber,” Dr. Cox continued, “the residents of 
St. George, Utah, heard nearly every ex- 
plosion. Blast waves take longer to travel 
from the explosion to St. George via the 
ozonosphere route than they take traveling 
to St. George via troposphere (surface to 
6 miles). From measurements on the length 
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nw SPARKLER 
FILTERS 


LS 


High flow rates cannot be assured by large filtering 
surfaces alone. Another important factor is provision 
for drain-off space capable of carrying away all liquid 
that the surfaces can handle. 


In Sparkler filters, the Free Drainage design of 
Sparkler horizontal plates eliminates one of the primary 
causes of liquid flow frictions — providing a clear, un- 
obstructed channel through which filtered liquid can 
drain rapidly and more completely. To accomplish this, 
Sparkler uses a series of smooth, widely spaced buttons 
as the means of supporting the filtering surface, thereby 
ending the need for heavy wire mesh or other types of 
media support that have high coefficients of friction. 


Features such as these, hidden from the eye, are 
typical of standard Sparkler construction, and are 
responsible for Sparkler superiority. Coupled with 
highest weg operational economy, and simplified 
maintenance, free drainage makes Sparkler filters ideal 
for every filtering need and makes them particularly 
well adapted to the filtration of viscous liquids. 


fim Available in a complete range of sizes 
“Ni and materials. 
Write for your copy of our new catalog. 


Mundelein, Illinois 
Sperkler International, Lid. Sparkler Western Hemisphere Corp 
Herengrocht 568, Amsterdem, Hollend Mundelein JM, U.S.A 
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Mr. and Mrs. Mark C. Hopkins. 
Mr. Hopkins is coordinator of res. 
& dev., Pan i 


Mr. and Mrs. Anthony Anable. Mr. 
Corp. 


Mr. and Mrs. C. L. Baker. Mr. Baker 
Anable is dir.. personnel and public re- is chem. dir., vice-pres. charge of mfg. 
American Refining lations, The Dorr Co. and eng., Philadelphia Quartz Co. 


ATLANTA MEETING 
PERSONALITIES 


In the April issue we published a report on the re- 
cent regional meeting held in Atlanta, Ga. 


Space did not permit us to publish all of the pictures 
we wished to, so—here they are. 


Mr. and Mrs. J. E. Ross. Mr. 


Ross is res. engr., Experimental 
Station, Georgia Tech. 


R. S. Rhodes, products dept., Koppers Co., Inc.; G. A. Asst. prof. M. M. Gilkeson, Jr., Tulane Univ.; B. W. 
— =. mar. dev. sect., Koppers Co., F. W. Adams, Gamson, dir. res. and dev., Great Lakes Carbon Co.; 
pool Cotton Co. 


Brymer, Williams, assoc. prof., dept. of chem. & met. 
eng., Univ. Mich. 


Mr. and Mrs. A. G. Aitchison. 


T. H. Chilton, Past Pres. A.I.Ch.E. Mr. and Mrs. J. W. Mason. Mr. 
Mr. Aitchison is technical dir., and dir. tech. eng. div.. Du Pont Co., Mason is dean of engineering, Georgia 
Westvaco chem. div., Food Inc., with H. E. O’Connell, process de- Tech. 
Mach. & Chem. Corp. sign, Ethyl Corp. 
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Design, engineer and construct it? 
Of course. These three main classes 
of service—performed under one 
contract with single responsibility 
—are our bread and butter. They 
have produced more than 600 plants 
of all types in just about every 
country where petroleum is refined 
or chemicals are made. 


Today's conditions, however, call 
for departures from ‘‘routine.” 
Otherwise, endless complexities, 
shortages, etc., could require three 
times the normal effort to get a 
plant built. But Lummus has the 
quality and versatility of staff— 
the breadth and depth of opera- 


tions, to meet these conditions 
head-on and help you maintain 
near-normal status. 


It could work like this. In the 
interest of “‘first things first,”’ you 
may need basic studies and reports 
covering alternative routes for 
reaching your goal. If so, rely on 
Lummus to develop analyses on 
which to base sound capital invest- 
ment decisions. 

Perhaps your problem is not so 
much with process units themselves, 
but with tying the whole system 
together for full operating efficiency. 
Lummus has long-established expe- 


rience in laying out and installing 
complete off-site facilities—the 
bringing in of utilities—piping to 
introduce charge materials and carry 
off products—tankage, dockage, 
loading facilities, etc. This is ““‘know- 
how” you can use to advantage. 


Among other added factors are the 
considerable help we afford in pro- 
curing materials, and invaluable 
counsel in interpreting government 
rules and regulations—all in all, 
unique services geared to the times. 


We invite you to use our various 
services, either singly or in combina- 
nation—to get that plant built! 


THE LUMMUS COMPANY 


385 MADISON AVENUE, 
HOUSTON 


CHICAGO «+ 


NEW YORK 17, N.Y. 
LONDON + PARIS «+ 


CARACAS 


GNING ENGINEERS AND CONSTRUCTORS FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


Here to Stay—The Punched Card 


Punched Cards—Their Applications to 
Science and Industry. Robert S. Casey 


hold 
(1951) 506 pp. $10.00. 


Reviewed by 1 C. Flynn, Chambers 
Works, Du Pont Co., Wilmington, Del. 


RIOR to 1925 most corporations and 

agencies utilized conventional man- 
ual systems in classifying, summarizing 
and filing reference and control data. 
Even large record-keeping groups like 
the United States Government and life 
insurance companies had to sort cards, 
sheets, and reports by hand when at- 
tempting to review given types of infor- 
mation found in widely diversified 
records. Duplicate and even triplicate 
sets of data were established, each 
classified in a specified manner to reduce 
time spent in laboriously reviewing files. 
Today the great variety and tremendous 
volume of data rule out the use of such 
expedients and many record-keeping and 
finding problems can be solved only by 
“Punched Cards” systems. It has been 
said that a modern census, or a Social 
Security system, could not be attempted 
without the use of tabulating machines 
based on punched cards. The novelty of 
receiving a punched card as a check has 
long since worn off, a sure sign that the 
technique has arrived. 

Turning to the scientific world, an in- 
tolerable condition is rapidly developing 
or has already developed. As the editors 
of the book indicate the very bulk of the 
rapidly expanding mass of scientific and 
technical information threatens to im- 
pair the usefulness of scientific investi- 
gation. They state “it has been discov- 
ered that considerable improvement in 
speed and ease of locating information 
in files can be achieved by using 
punched cards. . . . Another purpose is 
to record present knowledge and experi- 
ence so that better use of the presently 
available punched-card devices, and de- 
sired devices better suited to practical 
needs, will be stimulated.”” The book has 
fulfilled these purposes for it should pro- 
vide an avenue of escape for those 
scientists and engineers who find them- 
selves trapped by the volume of tech- 
nical information which they are trying 
to utilize. 

The book contains 28 articles, three 
dealing with the basic principles of 
punched cards, 10 with advanced prin- 
ciples and techniques: 14 with specific 
case histories, and one with future pos- 
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sibilities. The articles are presented by 
32 contributors some of whom jointly 
sponsored a particular article. 

The early chapters of the book, 
describing nine “Punched Hole” sorting 
systems and explaining the basic prin- 
ciples of hand-sorted punched cards, are 
the strongest part of the presentation. 
The discussion on coding problems is 
also helpful as it highlights categories 
of material that can be coded and the 
problems encountered in establishing a 
simple yet comprehensive code system. 
The treatment of hand-posted punched- 
card systems is thorough and well cov- 
ered. The presentation of machine- 
posted systems is sketchy and incom- 
plete. 

The case histories of punched-card 
applications are confined mainly to ex- 
amples where solutions have been found 
o “the rapidly expanding mass of scien- 
tific and technical information.” 

The thoroughness of the editors in at- 
tempting to present an advanced as well 
as simple treatise of the subject is 
shown in Part III, General and Funda- 
mental Considerations. Herein, ten ad- 
vanced discussions are presented which 
can have utility only where an organi- 
zation is attempting to go beyond the 
basic use of the card systems. The ar- 
ticles in this section are highly technical 
and may serve as a good reference 
source but certainly are not applicable 
for the use of the average reader. 

The extensive bibliography lends an 
air of authenticity and is evidence that 
the editors are chemists and scientists, 
since it contains no less than 276 refer- 
ences. 

In general, the book fulfills a real 
need as it presents the basic fundamen- 
tals of punched-card systems and illus- 
trates them clearly by describing various 
systems that can be used for recording 
and classifying scientific data. The field 
is in great need of new and improved 
controls and this book should stimulate 
the imagination to see the future of both 
manual and mechanical punched-card 
applications. The editors’ efforts will be 
useful to engineers, chemists, scientists 
and librarians. 

The material in the book, aside from 
the basic-principle presentations, is not 
too well organized. There seems to be 
little continuity and it would appear that 
the authors could have been more selec- 
tive in the titles and subjects discussed 
after the basic principles were pre- 
sented. 
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It's a Fair Exchange 
tase ork (1950). pp. 


and Robert 
Sons, Inc., 
$4.75. 


Reviewed by Theodore Vermeulen, 
Professor of Chemical Engineering, 
University of California, Berkeley, 
Calif. 


HIS recent book provides a short 

informative description of the pro- 
perties and performance of ion exchange 
materials. It is written to arouse the 
interest of a newcomer to the field of 
ion exchange, and to acquaint him with 
its widespread potentialities as these are 
reflected in the reference literature. 

At the start, the theories of what ion 
exchange is, and how and why it occurs, 
are reviewed in historical sequence. 
Equilibrium and kinetic data are pre- 
sented for illustrative systems, with use- 
ful emphasis on the relative replacing 
power of different ions. The synthesis 
is described sparingly in terms of a few 
laboratory-scale reactions, together with 
typical polymerization equations. The 
capacity, density, and chemical type of 
several commercially available resins 
are tabulated for convenient reference. 

Methods of application are then re- 
viewed, which stress the principles of 
column operation and include a short 
discussion of chromatographic fraction- 
ation. Two chapters follow on water 
softening, or replacement of calcium and 
magnesium ions by sodium ions, and on 
water deionization by cation and anion 
exchange in combination. These opera- 
tions are elaborated effectively by graphs 
of numerical! performance data from the 
Rohm & Haas laboratories. 

Numerous analytical, pharmaceutical, 
and other applications are mentioned, 
although not with the same thorough- 
ness as in Nachod’s book on ion ex- 
change. Laboratory procedures are then 
given for characterizing ion exchange 
resins according to their particle size 
range, density, attrition rate, and ex- 
change capacity. 

The last chapter deals with the de- 
sign of ion exchange units. Arithmetic 
scale-up of laboratory data is explained 
for cases of water softening, deioniza- 
tion, and metal recovery. Cost-estima- 
tion data assembled by Monet are re- 
ported, and the construction features of 
industrial-scale column equipment are 
reviewed. 


(Continued on page 356) 
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For low-cost, trouble-free service 
in ALL types of tower construction 


all chemicals, INCLUDI 
NATING ACIDIC AND, ALKALINE. 
TIONS. Of one-piece 
into graphite or 


“Karbate’’ 


THEM. Trays, they are low in cost and function »with toy 
Pressure drop. Tapered effectiv 
weir action. Other “National”! and “Karbate? towe 
fittings include distributorsand drip-chimnegs, s 
port grills, checkerwork anit*brick and tile 
of all kinds. 


“NATIONAL” Carbon Raschig Rings are immune to 
acid, alkali, and solvent action; have extremely low 
coefficient of thermal expansion; are light-weight 
and strongly resistant to chipping and spalling. 
They have a very attractive overall cost and long 

-o service-life. Eight sizes range from 14” to 3” O.D. 
Very popular in reaction and scrubbing towers used 
by the chemical, petroleum and petro-chemical and 
processing industries. 


Low light bills... 


. mark phenomenal of the 
“EVEREADY” No. 1050 Industrial Flashlight 
Battery by a broad cross-section of industry. De- 
livering twice the wsable light of any battery 
we've ever made before, it will not swell, stick, 
or jam in the flashlight ...has no metal can to 
leak or corrode. 


oruer NATIONAL CARBON propucts 


with NATIONAL CARBON AND 
GRAPHITE AND “KARBATE” 
IMPERVIOUS GRAPHITE 
TOWER ACCESSORIES 


The term: “National”, “Karbate” and “Eveready” 
are registered trade-marks of 


Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon 
30 East 42nd Street, New York 17, 4.Y. 

District Sales Offices: Atlanta, Chicago, Dallas. 
Kansas City, New York, Pittsburgh, San Francisco 
IN CANADA: 

National Carbon Limited, -Montreal, Toronto, Winnipeg 


HEAT EXCHANGERS + PUMPS + VALVES + PIPING + TOWERS + TOWER PACKING + BUBBLE CAPS + 


BRICK + STRUCTURAL CARBON - 


SULPHURIC ACID CUTTERS + 


HYDROCHLORIC ACID ABSORBERS 
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fluor’s modern 
research facilities 


test new developments — verify efficiency 


At Fluor, the proof of the design is in the testing. Before 
new Cooling Tower developments are incorporated into stand- 
ard design, they are subjected to rigorous tests in this modern, 
commercial-size tower testing laboratory. Here, design and 
performance efficiency of every new development is determined 
through complete ranges of actual heat transfer conditions. 
Realistic rating data is established under conditions paralleling 
those of plant and process operations. 


| 


Fiuor Cooling Tower Testing Facilities. This 
— size installation consists of a 

p house, instrument house, 20,000,000 
BTUyH boiler, test basin, and a 40’ high 
test tower. 


What this means to you... 


The motivating power behind Fluor’s continuous research 
and development program is to always provide the most efficient 
cooling tower available. This fact, combined with Fluor’s 30 
years of active experience in designing major cooling tower in- 
stallations for the petroleum, chemical, and power industries, 
means many things to the man seeking a factual tower recom- 
mendation to meet his exact cooling requirements. 

A Fluor Cooling Tower recommendation means that all 
variables are included and compensated for. It means that all 
component parts, as well as all design theory, have been tested 
and evaluated under actual operating conditions. And, it means 
that a Fluor-designed cooling tower will perform at rated heat 
transfer efficiency under the conditions of installed operation. 
You can be sure with Fluor! 


Designers - Engineers ~ Constructors ~ 
THE FLUOR CORPORATION, LTD, 2500 S. ATLANTIC BLVD., LOS ANGELES 22, CALIF. 


New York, Chicago, Pittsburgh, Boston, Tulsa, Houston, San Francisco, Birmingham and Calgary 


Represented in the Sterling areas by: 
Head Wrightson Processes Ltd Teesdale House, Baltic Street, London, England 
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BULLETINS 


1 @ SPRAY NOZZLE. A technical bul- 
letin on type T for tangential spray 
nozzles from Spray Engineering Co. 
The bulletin gives data on standard- 
angle and wide-angle nozzles. Gives 
numbers, pipe sizes, etc., as well as 
capacity in gallons for various pres- 
sures. Covers sizes of nozzles of in- 
creased capacity which are com- 
pletely new with the company. 


2 @ PLASTIC PRESSES. The Hy- 
draulic Press Mfg. Co. has a 16-page 
two-color catalog covering its line of 
9., 16-, $2- and 60-oz. hydraulic plas- 
tics injection molding machines. 
Gives specifications for every model. 
Shows photographs of parts typical 
of those being molded. 


3 e DUST CONTROL. Pangborn Corp. 
with a new 28+ bulletin 
on the control of industrial dust. 
Covers CH system which utilizes 
cloth-type filters for collecting finely 
divided dry dust. Bulletin well illus- 
trated showing use, installation, 
screen rapping mechanism, as well as 
a table showing how to select a dust 
collector for a particular type of 
dust. 


4 @ STEAM GENERATOR. A bulletin 
on the unit steam generator of Pre- 
ferred Utilities Mfg. Corp. Describes 
the’ component features of the self- 
contained unit—either gas- or oil- 
fired unit and well-illustrated three- 
dimensional-cutaway views show con- 
struction details such as staggered 
tubes, four-pass gas travel, induced 
draft, etc. 


6 @ 7 « HYDROGEN, OXYGEN AND 
AMMONIA. General Industrial De- 
velopment Corp. has two folders 
from the Bamag-Meguin A. G. (6) 
on an electrolyzer for producing hy- 
drogen and oxygen. Keyed to an in- 
dustrial production the unit is illus- 
trated showing installation in plants, 
produces extremely pure gas. Con- 
struction details are shown. Also has 
a description of the electrolyzer shell. 
Units range from 40 to 400 cu.m. 
H/hr., Amperages range from 2250 
at 90 v. to 5600 at 360 volts for the 
minimum and maximum capacities. 
(7) is a description of the Bamag 
plants for making ammonia synthe- 
tically. Covers the catalytic oxida- 
tion of ammonia to form nitric acid 
with a platinum-rhodium catalyst; a 
concentrating plant for making ni- 
tric acid of 50 to 98% by sulfuric 
acid absorption of the water, oxida- 
tion of ammonia gas; sodium nitrate 
plant, ammonium nitrate plant, etc. 


8 CENTRIFUGALS. celebrate the 
100th year of its business, Tolhurst 
Centrifugals, a division of American 
Machine & Metals, Inc., has pub- 
lished a booklet tracing the develop- 
ment of centrifugal machinery from 


1852 to the present. Illustrated with 
equipment ing the progress over 
the years. 


9 @ HUMIDITY CONTROLLER. A bul- 
letin from Surface Combustion 


Corp. on Kathabar humidity condi- 
tioning equipment. A collection of 
ads which has appeared in some 
technical books. fe is used in the 
chemical, pharmaceutical and other 
industries. Uses a hydroscopic solu- 
tion to absorb water. 


10 CORROSION-RESISTANT VALVES. 
A publication from the Rockwell 
Mfg. Co. describing Nordstr 
valves of corrosion-resistant type. I 
color shows the principle of t 
valve, the basic design of the un 
and illustrations showing applic 
tion. Corrosion chart shows t 
metal and lubricant recommend 
tions for a number of standard che 
icals. Latter part of book is a ca 
log of the types giving specification 
prices, etc. 


11 © FEEDER CONVEYORS. Link-Be 
Co. booklet on Bulk-Flo convey 
and elevators. For chemical han 
ling of flowable materials such 
coal, lime, totally enclosed dust ty 
Booklet shows installations, specifi 
cations, plus engineering design da 
on proper selection. 


12 ¢ COMBINATION STILL. An ex 
tensive bulletin on a new type 

still termed Stilcok from the Stilco 
Co. For use on coals, lignites, wood 
oils, etc., for recovery of water, oil 
gases and residues. Company clai 
a new principle in which the method 


Cards valid for only six months after date of issue 


5 © STEAM TRAPS. A description of 
steam traps equipped with bronze, 
Monel, or stainless, with bodies in 
bronze, semisteel or cast steel in sizes 
of 4 to 2 in. for all pressures from 
vacuum to 300 Ibs. From W. H. 
Nicholson & Co. Gives capacity 
tables, dimensions, recOmmended 
piping diagrams, typical applica- 
tions, etc. 
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of heat application is inside the ma- 
terial to be distilled and not on the 
outside. Blueprints, drawings, and 
a large amount of technical detail on 
the features of the still. 


14 @ STEEL VALVES. A general data 
book on designs and materials of the 
Brown Valve Co. Covers globe 
valves, swings, checks, angles, slide, 
etc. Gives specifications, construc- 
tion details, price, sizes. 


15 @ MIXERS AND FEEDERS. Infilco 
Inc. with a new bulletin on its 
chemical mixers and feeders for the 
process industries. Combines in one 
continuous automatic process the 
preparation of chemical solutions 
and the volumetric feeding of the 
prepared materials through orifices 
operating under a constant head. 
Can be equipped with a manual feed 
rate adjuster, automatic propor- 
tioner. Gives dimensions and capa- 
cities and describes the action of the 
plow-shaped agitators which are re- 
volved in vertical planes to give a 
uniform mixing action through the 
whole of the tank. 


16 @ FILMSTRIP ON PUMPS. Available 
from Allis-Chalmers Mfg. Co. is a 
group of three 35 mm. sound film- 
strips on centrifugal pumps. Book- 
lets are also available describing the 
filmstrips and showing pictures of 
what will be shown. Titles are— 


“How and Why of Centrifugal 
Pumps,” describing the operations, 
“Pump Maintenance” and “Cover- 
ing All the Angles,” which describe 
the proper way to select a pump. 


17 @ INFRARED ANALYSIS. An 8-page 
booklet describing how infrared 
analysis has been applied by eight 
different manufacturers to product 
control. The bulletin is from Perkin- 
Elmer Corp. and covers case histories 
from Merck, Du Pont, Hooker, 
Smith, Kline & French, and others. 
Problems include detection of water 
in freon, penicillin G. assay, quality 
control of inks, assay of drugs, and 
plant production control. 


18 @ PNEUMATIC BULK HANDLING. 
A technical information and data 
booklet on handling of bulk mater- 
ials by pneumatic conveyors. From 
the Dracco Corp. This well-illus- 
trated booklet covers the industries 
in which it is applicable, chemicals 
being one of them, the reasons for 
the efhiciency of air stream carrying, 
as well as illustrations of construc- 
tions, types, accessories, pumps, mo- 
tors, discharge locks, etc. 


19 @ NICKEL PLATING. A technical 
bulletin of complete and varied in- 
formation from the International 
Nickel Co., Inc., on how to nickel 
plate. A book of practical recom- 
mendations and descriptions. It also 
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contains a keyed bibliography of ad- 
ditional sources of information. In- 
formation on properties of deposits, 
plating conditions, solutions, recog: 
nition of difficulties, etc. 


EQUIPMENT 


22 @ REGULATING VALVES. A new 
class of regulating valves with dou- 
ble-seated diaphragms made by the 
Leslie Co. Features a contoured 
body for flow line, ISA standard 
face-to-face dimensions.  Stellited 
seating surfaces and renewable self- 
aligning guides. 

23 @ SCREW PUMP. A new external 
gear and bearing bracket type screw 
pump for positive displacement of 
nonlubricating liquids is being pro- 
duced by the Sier-Bath Gear & Pump 
Co., Inc. For liquids of all viscosities 
from 1 to 700 gals./min. Features 
single-point alignment. Available in 
horizontal and vertical construction, 
corrosion-resistant alloys, steam- 
jacketed bodies, special stuffing 

es, etc. 


24 @ VISCOMETERS. For recording or 
recording-controlling of viscosity in 
industrial plants, Norcross Corp. has 
a control model which measures, 
records, and where desirable can con- 
trol viscosity solutions of from | to 
200,000 cps. Bulletin available shows 
operation, design of the measuri 

clement, principle of ation 

the measuring element, charts, etc. 


25 © RETICLES. For precision optical 
measuring, United States Testing 
Co., Inc., offers through its instru- 
ments division, super-precision re- 
ticles. For use on microscopes, col- 
limators, micro-balances, compara- 
tors and other measuring instru- 
ments. The reticles are scales, step- 
wedged, protractor, black and white 
check, ruled circles or angular. 


26 @ LEAK DETECTOR. For the chem- 
ical plant with underground pipes 
and the problem of checking leaks 
in water or low viscosity fuel lines, 
the Goldak Co. has a combination 


— 


USE THESE CARDS 


| DATA SER V ICE 
x 
ie 
5 4 
q | 

hi 
| 
i 

Postage 

by 

~~ 

 ' 
— ' 
— 


leak detector pipe locator. Elec- 
tronic in principle the unit may be 
carried and operated by one man. 
Can also be used to detect leaks in 
steam and air pipes, to follow under- 
ground drill bits. 


27 @ AFTER COOLER. For the after 
cooling of compressed air or gases 
Niagara Blower Co. has a newly de- 
signed aero after cooler with a ca- 
pacity increase of from 25% to 75% 
over previous models. Cooling is 
done by evaporation and recirculat- 
ing water sprays on the surface of 
tubes. Improved capacity has been 
gained by more efficient distribution 


of compressed gas. 


28 @ CENTRIFUGAL PUMPS. Inger- 
soll-Rand Co. with newly designed 
small, single-stage double-suction 
pumps. 3-, 4-, 5-, and 6-in. sizes, the 
pumps have double mechanical shaft 
seals and ball bearings. For general 
hydraulic services at temperatures up 
to 200° F., capacities of 2100 gals./ 
min. and pressures up to 150 Ibs./ 
sq-in. 


29 @ RADIOACTIVE MONITOR. Ohm- 
art Corp. has a new cell for precision 
measurement of gamma radiation. 
Cell converts radioactive energy into 
electrical energy which is hooked to 
a high impedance current recorder. 
For continuous monitoring of radia- 
tion in health physics work or indus- 
trial processes where gamma ray 
activity is present. Gives a continu- 
ous record of radioactive dosages. 


30 e INSULATED VAT. An insulated 
vat with a stainless lining for mixing 
and storing liquids such as milk, 
syrups, emulsions, pharmaceutical 
products, beverages, etc., is now be- 
ing made by Cherry-Burrell Corp. 
Eleven standard sizes ranging from 
100 to 1000 gals. Two inches of 
corkboard insulation sump-type out- 
let with sanitary valve, stainless steel 
agitator, removable for cleaning. 
Welded steel construction. 


31 @ PORTABLE MIXER. A 
mixer which uses a flexib 


table 
shaft 


OR FREE DATA 


* 


connected to a separate motor, is a 
new development of Process Indus- 
tries Engineers, Inc. By removing 
the motor from the propeller shaft, 
the weight of the mixer is reduced. 
‘Two models—a propeller shaft 5% in. 
in diam. and 7% in. in diam. Can use 
motors from 4 to $ hp. giving revo- 
lutions per minute from 520 to 3450. 
Flexible shaft nominally 96 in. long. 
Motor can be attached to the side of 
mixing vessels on pedestals, h 
overhead, or placed on a adi 
pushtruck. Various alloys and con- 
structions. Through the use of a 
vapor-tight gasket, motors can be 

laced in an offroom location where 
inflammable or explosive liquids are 
being mixed. 


32 @ PRESSURE TRANSMITTER. From 
Wright Engineering Co. the Digitran 
for transmitting pressures from 0 to 
3 Ibs./sq.in. abs. to 5000 Ibs./sq.in. 
abs. Uses magnetic field vibrati 
wire principle and has been devel- 
oped to service digital computers, 
automatic process control and digital 
recording systems. Can be had with 
or without a temperature control for 
variations of temperatures. 


33 « HIGH TEMPERATURE FURNACE. 
A furnace for 2200° F. operation 
using nonoxidizing alloy elements 
and built in various sizes, is available 
from K. H. Huppert Co. For use in 


firing ceramics or other high temper- 
ature operations. 


34 @ CENTRIFUGALS. Heyl & Patter- 
son, Inc., are now agents for the 
Reineveld centrifugals made in Hol- 
land. Standard sizes, have drums 
from 36 to 80 in. in diam. with cen- 
trifugal forces up to 1500 gravity. 
Main bearing is centrally located. 
Manufacturer claims improved filter 
bed. Also a totally enclosed vapor- 


type design for dangerous materials. 


35 « MULLERS. Two new — capa- 
city National Engineering Co. mix- 
mullers available. Have greater 
mulling pressure. Have adjustable 
spring pressures up to 4000 Ibs. 
Large discharge door plus a borium 
carbide wearing edge of plow. Bul- 
letin available which describes the 
new features. 


36 CENTER-SLUNG CENTRIFUGAL. 
For the chemical and process indus- 
tries Tolhurst Centrifugals, a divi- 
sion of American Machine & Metals 
Inc., with a new center-slung centri- 
fugal. Can handle unbalanced loads 
from three to four times greater than 
previous models. Features spindle 
mounted in roller, double row of 


ball bearings in a tubular housing, 
faster drainage, self-energizing brake, 
etc. Basket sizes 12 in. through 108- 
in. diam. 
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37 # VACUUM DISC VALVES. F. J. 
Stokes Machine Co. has designed a 
new handwheel disc valve for high 
vacuum service. Sizes from 6 in. 
through 16 in. Features low flow re- 
sistance, a disc which rotates 90°, 
can be operated with vacuum on 
either side, opened and closed by one 
gear in a few seconds. Bulletin avail- 
able. 


38 @ INJECTOR PUMP. A high pressure 
chemical injector pump developed 
by Texsteam Corp. A 50-Ib. feed 
pressure of air, gas, water or steam 
will give up to 20,000 Ibs. discharge 

ure. Feed pressure is adjusted 
rom 5 to 50 Ibs. to give desired out- 
let pressure of 100 up through 20,000 
Ibs. Delivers 4 pt. to 360 gals./day. 
Stellite pistons. Mechanical parts 
operate in an oil bath sealed against 
dust. For handling chemicals, hy- 
draulic fluids, testing valves, pres- 
sure vessels, etc. 


39 WOOD-LINED PIPE. A smooth 
wood lining for steel pipe is featured 
by Michigan Pipe Co. Designed es- 
pecially for corrosive liquids, slur- 
ries, fumes, gases, etc. Combines low 
frictional resistance with high flow 
capacity, prevents slime build-up and 
corrosion attack. For pressures up to 
250 Ibs./sq.in. and temperatures up 
to 180° F. Available in standard 
lengths of 10, 20 ft. or in tailor-made 
lengths for specific requirements. 
Internal diameters from 4 in. 
through 36 in. For chemical proc- 
essing industries carrying waste li- 
quor lines, process water line service, 
acid, alkali and saline solutions, etc. 


CHEMICALS 


42 @ LITHIUM STEARATE. A technical 
service report from Witco Chemical 
Co. on the use of lithium stearate for 


the grease industry. ‘Typical proper- 
ties of the product, performance of 
various base oils, and effect on the 
rate of penetration. 


43 @ ORGANIC PRICE LIST. A catalog 
from Eastern Chemical Corp. on 
prices of organic chemicals for labo- 
ratories. Covers more than 1000 
chemicals. Gives also, in most cases, 
melting or boiling points. 


44 @ LACQUER SPECIFICATION. A 
— to specification lacquers for 
nishing military items has been 
— by Hercules Powder Co. 

aflet gives type of lacquer finishing 
material called for plus permissible 
or appropriate specification numbers 
grouped according to use. 


45 @ PLASTICIZER. From Monsanto 
Chemical Co, a technical bulletin on 
Santicizer 3 a sulfonamide-type plas- 
ticizer for heat-sensitive adhesives 
and lacquers such as nitro cellulose, 
polyvinyl acetate, zein coatings, etc. 


46 @ DIMETHYLETHANOLAMINE. An 
industrial grade of dimethylethanol- 
amine is in production by Carbide 
& Carbon Chemicals Co. For use by 
manufacturers of ion exchange re- 
sins, wetting agents, textile assistants, 
etc., the concentrated amine is avail- 
able as a 70% solution. Pharmaceu- 
tical grade also available. 


47 @ MORPHOLINE. For formulation 
of water-resistant waxes and polishes, 
for control of alkalinity in boilers 
and steam lines, Dow Chemical Co. 
is now producing Morpholine. The 
ring compound contains both an 
amine and an ether group. 


48 @ ORGANIC CHLORINE COM- 
POUNDS. A new booklet covering a 
family of nic chlorine com- 
unds has been published by Car- 
ide & Carbon icals Co. De- 
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scribes 11 organic chlorine com- 
pounds sold in commercial quanti- 
ties. Gives uses, physical ies, 
specifications, shippin ta. Also 
gives description tests 
recommended for determining speci- 
fications. 


49 e COATING CATALYST. Advance 
Solvents & Chemical Corp. has intro- 
duced a rare earth naphthenate as a 
catalyst to te cross-lit.king 
polymerization at elevated tempera- 
tures in coatings. For use as a drier 
catalyst in baked finishes based on 
urea-formaldehyde, melamine or 
alkyd resins. This rare earth naph- 
thenate increases the molecular 
cross-linking of heat-reactive resins 
—_ in increased hardness of the 
m. 


50 e PENTACHLOROPHENOL. A book- 
let on pentachlorophenol used to 
protect wood against decay and in- 
sect attack, by Monsanto Chemical 
Co. Answers 51 questions commonly 
asked by those interested in preserv- 
ing wood. 

51 @ PERFUME INGREDIENT. A new 
nameless compound 77-B from Ten- 
nessee Eastman Corp. has a perfume 
ingredient. Quinoline-like in odor. 
Technical data sheet is available 
which gives physical properties. 

52 @ POLYESTER RESINS. A 30-page 
booklet by Bakelite Co. on polyester 
resins. Data of interest to designers, 
the booklet summarizes properties of 
each different resin. Gives range of 
physical properties, electrical proper- 
ties, chemical resistance, casting pro- 
perties, etc. 


53 @ DYE PENETRANT. For high- 
inspection processes a dye 
netrant from Turco Products, Inc. 
Dye will penetrate smallest defect on 
a metal surface. For both ferrous 
and nonferrous metals. 


54 @ CARBON BLACK. A new grade 
of rubber reinforcing oi! furnace 
black to give a 15-25%, increased tire 
mileage is announced by Godfrey L. 
Cabot, Inc. Has increased reinforc- 
ing ability and company recom- 
mends it for high tensile, high 
abrasion resistant materials. 


55 “WHAT'S A SILICONE?” An in- 
formation bulletin from Dow Corn- 
ing Corp. on the properties of a 
silicone, plus its application to nu- 
merous industries. Written in a free, 
nontechnical style, the book will 
nevertheless bring home the varied 
applications of the material. 
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A revolutionary new principle 
in Coolers... 


holo-flite veccasce 


p Handles Pates, Sladges or Solids! 


> Up to 80% Saving in Space! 


Backed by the same well-known or- 
ganization that pioneered coTrre.t Precipi- 
tators, MULTICLONE Collectors and other lead- 
ing products, the HOLO-FLITE Processor repre- 
sents a far-reaching advancement in the 
science of heat-exchanger design. Widely 


an the of ether host 
.-. causes no dust, therefore requires no costly 
or complicated auxiliary recovery equipment 
-+-and maintains its uniformly high effi- 
ciency under modern continuous-flow opera- 
tions (no stop-and-go “batching” operations 


are necessary ). 


A FEW OF MANY HOLO-FLITE ADVANTAGES 


WIDE ADAPTABILITY: HOLO-FLITE handles fine- 
groined, crystalline or powdered solids, pulps, 


or other fivids to provide a wide range of process- 
ing temperatures. 


SPACE-SAVING COMPACTNESS: Becouse of its 
large active heot-tronsfer surface per cubic foot 
of spoce required, the HOLO-FLITE requires only 
© of 5 to 6 times compodt as 
other equip of comporable capacity! 

LOW POWER REQUIREMENTS: HOLO-FLITE con- 
veyor screws rotate slowly—wsvally only 1 to 12 
t.p.m. Further, multiple tiers can be driven by one 
motor, assuring lov’ power consumption. 
INSTALLATION FLEXIBILITY: The bosic HOLO-FLITE 
unit is two intermeshing screws in o single trough, 
but four or six screws per trough can also be in- 
stalled. Moreover, any number of troughs can be 
“tered” on top of one another—trough lengths 
can be varied from 8 to 20 ft.—screw diameters 
can be varied from 7” to 16"—to provide 

any desired capacity in a minimum of space! 


Write for full details on the many 

savings the Howo-Firre Proces- 

sor can bring to your particular 
eppliceti 


rate of heat transfer. Yet the action is so 
if any, of crystalline particles. 


Unlimited Capacity 


borax, 
WESTERN 


CORPORATION 


EMCINEERS DESIGNERS @ MANUTACTURERS OF BQUIPNEFT FoR 
COLLECTION Of SUSPENDED MATERIALS FROM CASES LIQUIDS 


Main Offices: 1062 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
\ FREE! New 8 Page Bull CHRYSLER BLDG., NEW YORK 17 + 1 N. lo SALLE ST. CHICAGO 2 
1429 PEACHTREE ST. N.E, ATLANTA 5 + HOBART BLDG, SAN FRANCISCO 4 
as PRECIPITATION CO. OF CANADA, LTD., DOMINION SQ. BLDG., MONTREAL 
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Permits Continuous, High Efficiency Operation! 
: 
adaptable to various types of cooling and 
‘9 similar applications in industrial processing | 
operations, the HOLO-FLITE handles powdered 
or granular solids, moist pastes or slurries with 
© 
Unique Simplicity ° 
Basically, the Hoto-Firre consists of two or more hollow intermeshing 
‘ through the hollow flights and shafts of conveyor screws while the product 3 
} itself “flows” in the trough where it is constantly rotated into, around, over and € i 
R under the moving heat-exchange surfaces. The continuous mixing, turning, folding ° : | 
action causes a constant change of contact with the eee surfaces and re- e ; 
sults in a that there is no 
dusting and li 
Hoto-F irre Processors can be readily adapted to virtually an 
Be sure to investigate HOLO-FLITE savings before you | 4 itation 
ae install heat-exchange equipment. To insure maximum operating AeLecip 
a efficiency at low overall cost, each installation is individually | 3 
| engineered to the job using basic stock-size elements. Contact ee 
; the nearest Western Precipitation office for further details on 
the revolutionary HOLO-FLITE Processor —or write direct! 
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Here are 6 reasons why chemical engineers and proc- 
essors who have had experience with PYREX brand 
“Double-Tough” glass pipe recommend it to you: 


1. Highly resistant to corrosion, physical and thermal 
shock, PYREX pipe lasts longer . . . assures fewer 
production shutdowns, lower maintenance and re- 
placement costs. 


2. PYREX brand glass pipe is noncontaminating— 
protects even the most sensitive solutions. 


3. Trouble can’t hide behind transparent glass pipe. 
And its smooth surface makes cleaning easy. It can be 
sterilized with steam. 


are switching PYREX brand 


Glass Pipe 


4. Costs less per foot installed than any other cor- 
rosion-resistant piping material. 


5. Easy to install and plumb, your own plant help can 
put in your PYREX pipe installation. 


6. PYREX brand “Double-Tough” glass pipe is avail- 
able now in diameters of 1”, 142", 2", 3", 4” and 6” 
L.D. in standard lengths up to 10 feet. Fittings include 
45° and 90° elbows, tees, reducers and crosses. Plug 
valves are available in 1” and 142” sizes. For the com- 
plete story, check and mail the coupon . . . or contact 
the PYREX brand glass pipe distributor nearest you: 


OTHER PYREX brand GLASS PRODUCTS 


FOR THE PROCESS INDUSTRIES 


PYREX brand Glass Fractionating Columns Offer: 
Uniform quality of distillate through elimina- 


tion of product contamination. 


1.6 


sistance to acid corrosion. 


now at reasonable cost. 


PYREX brand GLASS CASCADE COOLERS GIVE YOU: 


Low first cost per BTU transferred below: 
besides increased economy through 


long service life. 


able space. 


thin but sturdy walls. 


Longer service life because of exceptional re- 
High efficiency with a wide range of solvents 


plus complete visual check on performance. r 
Sizes: 4", 6", 12” and 18” diameters. Available 


Unusual versatility of mounting 


on floor, wall or ceiling to save valu- 


Maximum heat transfer through 


Available now at reasonable cost. 
Check and mail the coupon. 


HOUSTON 7, TEXAS 
W. Curtin Company 


PITTSBURGH, PA. 
Gloss Engmeermng Laborctores Fisher Scientific Company 


Fisher Scientific Company 
SEATTLE 4, WASHINGTON 
Scientific Supphes 


ST. LOUIS 2, MISSOURI 
Stemmerich Supply inc. 
LODI, NEW JERSEY 
Mooney Bros. Corp. 


BUFFALO, NEW YORK 
Buffalo Apparatus 


CHICAGO 44, ILLINOIS 
Fred S. Hickey, inc. 


FRESNO 17, CALIFORNIA 
Volley Fdy. & Mach. Works 


HATBORO, PENNSYLVANIA 
Sentine! Gioss Compony 


ROCHESTER 3, NEW YORK 
Will Corporation 


CORNING GLASS WORKS 
Dept. CEP-s, Corning, N. Y. 


| “PYREX brond Gloss Pipe in the Process 
dustries” (EA-1) 
“PYREX brand “Dovble-Tough” Gloss Pipe and 
Fittings” (EA-3) 
“Plont Equipment Glosswore for Process in- 
dustries” (EB-1) 
“wstaliction Manval” for PYREX brand “Deuble- 
Tough” Glass Pipe (PE-3) 
(C0 “PYREX Cascade Coolers” (PE-8) 


CORNING GLASS WORKS, CORNING, N.Y. tie 


VISIT THE NEW CORNING GLASS CENTER | 


Chemical Engineering Progress 


Name 


MONTREAL 3, QUEBEC, CAN. 


Page 39 


| 
| 
A Eckert Compony 
CAMBRIDGE 39, MASS. 
| | 
if 
Vol. 48, No. 5 


MANPOWER—ONLY PART 
OF THE PROBLEM 


DR. CORNELIS W. deKIEWIET 
President, University of Rochester, Rochester, New York 


ODAY one question holds an acute 

interest for me—and this is_ the 
manpower question, the problem of 
producing high level skills. It is a 
profoundly difficult crisis that all 
great industries, professions, and 
callings are facing in modern America. 
There simply are not enough people of 
high level skill, in the engineering pro- 
fession or in other comparable callings, 
to go around. As a background for 
the concern of the supply of man- 
power, I would call attention to some 
aspects of the modern world. Our 
preoccupation with immediate problems 
is such that sometimes we neglect 
to bring a focus to bear upon the 
wider, more inclusive international, 
world background, with which our lives 
are concerned. 

There is going on in the modern 
world a series of immense changes. We 
have at the present moment, an acute and 
painful interest about our rélations with 
certain powers of the world, and with 
one great power in particular. That fo- 
cus is so sharp that it obscures other 
changes that are taking place in other 
parts of the world; changes that are 
going to upset what you are doing, what 
l am doing, what we all are doing. There 
is going on what I call a colonial revo- 
lution. A revolution, in the profess of 
which, a number of areas which we 
have called imperial areas, colonial 
areas, dependent areas are detaching 
themselves from their metropolitan pow- 
ers; whether they are detaching them- 
selves, as Iran is doing violently at the 
present moment from the industrial and 
economic bondage of Great Britain, or 
detaching themselves politically as India 
has done. Now, all of those areas, sooner 
or later, will try to equip thqmseives 
with the amenities of modern science 
and technology. There is impending, 
therefore, a still greater call upon the 
skills of the world than already exists, 
and we know how acute and demanding 
that call is at the present moment. So 
the crisis in manpower, in my judgment, 
is going to become greater; and be- 
come a world-wide rather than simply 
an American crisis. 

There is a further portent in this 
colonial revolution. Ours is a nation 
of free industrial enterprise. Do you 
know, and have you considered, that in 
most areas of the world that either is 
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not true or cannot logically be true. We 
have noticed in Great Britain, for in- 
stance, under the regime of socialism, 
a departure from the system of the kind 
of industrial production which obtains 
in this country. | intend no unnecessary 
critical comments, but am trying to de- 
scribe objectively a world trend that 
ultimately is going to involve us all. 
In these politically new, emerging, so- 
cieties, such as Iran or India China 
or the former Netherlands East Indies, 
Malaya, Burma, and others—equip- 
ment and tooling for industrial enter- 
prise is bound to evolve. And 
there will inevitably be a _ pattern 
in which the financing, the organi- 
zation, ultimately the fundamental 
disposition is going to be governmental 
in policy. 1 can forsee a day not too 
far removed, when those ideals that we 
take for granted--those methods of per- 
ception, those types of procedure we 
know are and can be greatly successful 
—shall stand in the isolated world, an 
island of special economic significance. 
To maintain that integrity of principles 
we shall have to be even more success- 
ful in what we are doing than we are 
now. We shall have to maintain, first 
of all, a steady supply of the highest 
skills, flowing easily and being readily 
accepted in American industry. That is 
the engineer’s business. 

I would like to call attention to an 
even more urgent fundamental than the 
present preoccupation with manpower, 
and that is the basic knowledge upon 
which industrial technology has to draw. 
If | were to ask which is the greatest 
scientific country in our modern world, 
you probably would say, the United 
States of America. In one sense that 
would be correct. There is no other spot 
in the modern world where there are so 
many scientists of worth. Yet, the ex- 
traordinary power of engineers in ap- 
plying scientific knowledge—in turning 
it into an instrument, or a process, or 
a commodity, or a facility, or an amenity 
—is making such demand upon science, 
that the concern about the shortage of 
professional people, is also the concern 
of those responsible for the supervision 
of great institutions in which scientists 
are produced. There is already a short- 
age of scientists, those research people 
who provide the basic data that engi- 
neers use. There is developing, in this 


also 
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country, a shortage of science. 

There was a time when the body of 
knowledge in science, physics, chemis- 
try particularly, was such that there was 
a lag between the application of science 
and the production of science. That lag 
is shortening. The very crisis in which 
we are involved at this moment when we 
need new weapons, new approaches, new 
answers to challenges is causing us to 
turn more and more to science to find 
ideas and to give them execution. This 
country is not paying sufficient atten- 
tion to the production of fundamental 
scientists and to the expansion and pro- 
duction of a greater body of funda- 
mental scientific principles. 

There is not anything in my judgment 
that throws a clearer light upon the 
obtuseness in vision, in Washington, 
than the failure to support the National 
Science Foundation. I do not think my- 
self, in spite of some of the magnificent 
steps that have been taken by American 
industry, that American industrial lead- 
ers are sufficiently aware of the inter- 
dependence of industry upon the training 
of scientists upon the production of 
greatly increasing scientific knowledge. 
This is an important obligation—an ob- 
ligation which engineers also, who have 
so much of the destiny of the nation 
in their hands, should feel is theirs to 
discharge by practically and otherwise 
supporting the training of scientists and 
the production of scientific knowledge. 

The genius of American industry is 
rooted in a system of a broad general 
education ; of respect, if You please, for 
the dignity of man, for the capabilities 
that lie within man actually or poten- 
tially. The force that education con- 
tributes emerges in the great activities, 
in great concerns, in the production of 
more science and scientific knowledge, 
in the production of a more humane 
set of relations between. those of us 
who work together, and it is the respon- 
sibility of all of the great agencies of 
American society—whether governmen- 
tal or industrial in character—to pay 
particular attention to those institutions 
where high level skill is trained for 
American society. I am unashamedly 
making a plea for the great American 
university, which is in danger of lagging 
behind for want of adequate understand- 
ing and support in carrying out its 
responsibilities. 

The problem of manpower is greater 
than the problem of war itself. For, 
bad as war may be, it is, so far, an in- 
tetlude, dramatic, catastrophic, in our 
society. But the application of science 
to technology, the bridges that you build 
between the things that are known and 
the things that are used, goes on etern- 
ally. That is something that will go on 
as long as men as we know them exist. 
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Just about the timed 
we thought it would never see the light Bf day 
it cracked the shell wide open 


Were mighty proud of this 


28 page full color industrial fantasy, 


And we've got an idea that 


you and your family are in for a very 


pleasant surprise. 


Told with a richness and warmth 


thot people of all ages 
will enjoy . . . Alloys In Cooperland 
captures the spirit of 
Lewis Carroll in describing how stainless 


steel castings are made. 


For your COMPLIMENTARY COPY, clip the coupon 
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MERRILL PROCESS 
Circulating Hot Oil System 


Does your process require a smooth, even flow of heat at 
temperatures far beyond the range of steam, with negligible 
pressure, and without the hazard of direct fire, and without 
objectionable odors? 


MERRILL PROCESS Is The Answer 


Versatile—may be used on product equipment that cannot withstand 
pressure such as on lined vessels. 
Safe at all times. Steel pumps, valves and fittings. 
Dependal lable—smooth, quiet delivery of heat. 
drying, coating, melting. 
Full line of jacketed cocks, fittings and pipe too. 


Typical uses—evap distill 


Write for Merrill Process Bulletin 145 or Jacketed Fittings Bulletin 152 
4 


PARKS-CRAMER COMPANY, FITCHBURG, MASS, 


the circle seal 
-principle — 


provides sealing assurance 
never before offered in 


CHECK VALVES = 


VACUUM BREAKERS 


SENSITIVE LOW PRESSURE 
VENT OR RELIEF VALVES 


precision check valves 


JAMES*DOND=CLARK 


1247 East Green Street, Pasadena 1, Calif. 
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CANDIDATES FOR MEMBER- 
SHIP IN A.1. Ch. E. 


The following is a list of candidates for the designa 
grades of membership in A.I.Ch.E. recommended for _ 
the on Admissions. 

ese names are listed in accordanc ith 
Section 7, of the Constitution of AL. Ch. hE. en ee 


Objections to the elec 


tion of any of these candidates 


from Active Members will receive careful consideration 


if received before June 15, 


1952, at the Office of the 


Secretary, A.L.Ch.E., 120 East 4ist, New York 17. 


FOR 
MEMBERSHIP 


Del. 

Anderson, Frank L., Texas 
City, Tex 

Atkins, Chae W., Charles- 
ton, 

Baker, Harold 
Akron, Ohio 

Barrett, Robert C., Carters- 
ville, Ga. 

E. R., Rochester, 


Frank W., Toledo, 


Burtis, Theodore A., 
Marcus Hook, Pa. 
Cadogan William Pe 
Cincinnati, Ohio 
Carpenter, John S., Con- 
cord, Calif. 
Coleman, George W.., 
Los Angeles, Calif. 
Collard, C. Norman, Way- 


land, Mass. 
Crandall, A. Ralph, Borger, 
ex 


Dorsey, John J., Jr., 
‘onroe, La. 
Doub, John J., Tonawanda, 


Drake, Edward, Niagara 
Falls, N. Y. 

Gaines, T. H., Jr., Venice, 
Calif. 

Gregory, J. Robt., Charles- 


ton, W. Va. 
Hall, penne D., Midland, 
ic 
Harrington, Edwin W., 
Akron, Ohio 
Harvey, Edward D., Wil- 


mington, Del. 
Carl A., Midland, 
Benj. A., 


Mass. 


. V., Aruba, 
w. 


i. 

ao. Boni Philip, 

Baltimore, Md. 
McCulloch, Charles E., 

New York, N. Y. 
Motl, C. Woolsey, 

W yoming, Ohio 
Mugele, Raymond A., 

Emeryville, Calif. 
Putnam, Wallace J., 

Charleston, W. Va. 
Reynolds, Randall S., 

Cuyahoga Falls, Ohio 
Smith, Clifford W.., 

So. Charleston, W. Va. 
Tielrooy, Jack, Fullerton, 


Calif. 
Walsh, Edward J., Balti- 


Wright, Roy E., Berkeley, 
Calif. 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 


Davis, Elbert L., Tusca- 
loosa, Ala. 
A. Clarence, 
Cc ashing. Okla. 
Follows, A Alan G., Syracuse, 


Hudson, Thomas B., Jr., 
Pittsburgh, Pa. 
Martini, E., Stamford, 


‘onn. 

Nauman, E. F., Houston, 
Tex. 

Shaw, Clifford, Dallas, 


Tex. 
APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 


Acosta C., Jesus, Xicoten- 
ceatl, Tampe., Mexico 

Altman, Manfred, Rich- 
land, Wash. 

Aneara, James T., 
Waltham, Mass. 

Arango, Claudino, Linden, 


Babcock, Alfred B., Jr., 
Dobbs Ferry, N. Y. 

Baird, Raymond K., 
Los Angeles, Calif. 

Berdan, John V. H., 
Drexel Hill, Pa. 

Bryan, H. B., Webster 
Groves, Mo. 

Burrell, William A., 
Spartanburg, S. C. 

Carrow, John W., Ill, 
Wilmington, Del. 

Chesworth, Robert H., 
Richland, Wash. 

Oe, Luther C., Pitman, 


Clark, Charles H., 
Crystal Lake, iil. 

Connelly, Frank J., 
South Amboy, N. J 

Dallman, William a 
Springfield, Mass. 

Densmore, Robert E., Jr., 
Pasadena, Calif. 

Dieterich, Melvin L., 
Westlake, Ohio 

Doyle, George W., Edge- 


Ferron, "William O., Wyan- 
dotte, Mich. 
Field, Joseph H., Bruceton, 


a. 
Finger, Burton J., Bronx, 


(Continued on page 44) 
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= Negligible Pressure 
| only a few pounds 

Versatile | | 
Dependable 

| 
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Estas... 


ty Coelanese, 


n-Propyl Acetate 


latest in the Celanese Series 


of Industrial Solvents developed 


especially for Performance and Economy 


N-propy] acetate is the first in a series of esters 
to be produced by Celanese. It is a medium boil+ 
ing, low viscosity solvent with a pleasant odor 
and excellent blush resistance. An economical 
replacement for such solvents as MIBK, butyl 
acetate-ethyl acetate combinations, and second- 
ary butyl acetate, Celanese* n-propyl acetate is 
now available in 90% -92% concentration—in 
volume quantities to meet both large and small 
scale requirements. 


With the addition of n-propyl acetate, Celanese 
can now offer a diversified line of organic sol- 
vents, providing formulators with the flexibility 
and economy of split shipments in compart- 
mented tank trucks and cars at bulk prices. 


Investigate the cost-saving possibilities of 
n-propyl acetate. A Celanese technical repre- 
sentative will be glad to review your formula- 
tions, and demonstrate how Celanese solvents 
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can give you the performance you need. Write 
for technical bulletin N-29-1. 


Celanese Corporation of America, Chemical 
Division, Dept. 557-E, 180 Madison Avenue, 
New York 16, N. Y. 


Properties 

Collet. 15 APHA 

Spec. Grav...... 0.880—0.885 @ 20/20°C 
PE... 95°C—103 C 


Ester Content. . .90°>—92% 


Solvents by Celanese 


Solvent 203 Acetone 

Solvent 301 Methanol 
Solvent 601 n-Propy! Acetate 
Solvent 901 Buty! Alcohols 


iJ 


“GES 


*Reg. U.S. Pat. Of. 
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Secretary’s Report 
S. L. TYLER 


HE matters to come before the Ex- 

ecutive Committee in the month of 
April were of such a nature that the 
meeting was held by mail. The result of 
the mail ballot was as follows : 

The Minutes of the previous meeting 
were approved as issued; bills for the 
month were approved for payment. 
Those whose names were listed in the 
March, 1952, issue of “C.E.P.” as can- 
didates for membership, approved by the 


Committee on Admissions, were with 
one exception elected to the grades of 
membership as indicated; this one case 
is being held because of comment from 
the membership for further considera- 
tion by the Committee on Admissions. 
In addition to those listed in “C.E.P.” 
there were 114 Student members 
elected, which brings the total to 1,826. 

James G. Knudsen was appointed a 
vice-chairman of the Membership Com- 
mittee and B. J. Ferro an additional 
member of that Committee. Four resig- 
nations from membership were received 
and accepted. Two Junior members, 
namely, A. E. Austin and B. F. Schrader, 


Cyclator’ 


collects and thickens voluminous solids 


Looking for clues for the effective removal of oils, light suspended 
solids and toxic metals? Then investigate the Cyclator. 


The Cyclator combines chemical treatment, solids recirculation and 


mechanical thickening within a single, compact, space-saving 

unit for complete treatment of a wide range of industrial wastes. 
You can count on a pure effluent at low cost—and in many 
cases— gain substantially by recovering by-products and by the re- 


use of purified water. 


Ask for complete information including Cyclator case histories. 


Available in our Bulletin 850. 


IMFILCO INC. Tucson, Arizona 


Plants in Chicago & Joliet, Illinois 


FIELD ENGINEERING OFFICES IM 26 PRINCIPAL CITIES 


World's Leading Manufacturers of Water Conditioning and Waste Treating Equipment 
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| Gutai, John A., Jr., 
| Handwerk, Glenn E., Tulsa, Okla. 


reported that they had entered the 
Armed Forces, and their names were 
placed on the Suspense List. 

F. J. Van Antwerpen was appointed 
as official Institute representative at the 
inauguration of L. W. Jones as president 
of the State University of New Jersey. 


CANDIDATES 

(Continued from page 42) 
Franson, Paul D., Chicago, Ill. 
Fullerton, Charles P., Texas City, Tex. 
Gerttula, V. Gordon, Camas, Wash. 
Robert L., Forest Hills, 
Boston, Mass. 
Hardwicke, Norman L., Texas City, 


William L., Jr., Birmingham, 
Ala. 


Hertzog, Richard R., Anniston, Ala. 


Heslin, Edward P., New Haven, Conn. 

Hildebrand, Arthur S., New York. 

Hinkle, J. R., Corpus Christi, Tex. 

Hofto, John R., So. Charleston, W. Va. 

Hutchins, James R., Sunbury, 

Jape, Francis, Richland, Wash. 

Johnson, Donald L., Birmingham, 
Mich. 

Katz, Irving, Medison, Wis. 

Klaphaak, Peter J., Riverside, /ll. 

Klaus, Carl G., St. Paul, Minn. 

Knowles, Carlton G., St. Albans, W. Va. 


| Kron, Carl M., Borger, Tex. 


Lake, William C., Tulsa, Okla. 
Lang, Edward George, Houston, Tex. 
Lashmet, Peter Kerns, Ann Arbor, 

Mich. 
Laundrie, Robert W., Akron, Ohio 
Lection, Frank J., Springfield, Mass. 
Lee, Paul L., Kingsport, Tenn. 
MacDermott, C. P., Charleston, W. Va. 
MacKinnon, Aleck M., Norwood, Pa. 
Marshall, Thomas, II1, Wilmington, Del. 
Matulis, Joseph T., Lawrence, Kan. 
Monteleone, Frank J., Jr., 

New Orleans, 
Morgan, Robert M., Charleston, 

W. Va. 


Morss, Heary B., Whittier, Calif. 
Oehler, Harris A., Texas City, Tex. 
Parnes, Murray Leonard, New York. 
Pauls, Roger N., Steubenville, Ohio 
Peters, Henry F., New York, N. Y. 
Prabhkar, R., Gary, Ind. 

Rose, G. A., Charleston, W. Va. 

- Robert S., Jr., ‘Wilmington, 


el. 

Runes, Eugene, Baltimore, Md. 

Salmon, Merlyn L., Denver, Col. 

Saunders, George W., Avon Lake, Ohio 

Schaefer, Frank A., Philadelphia, Pa. 

Schmidt, Wallace B., West Hemp- 
stead, N. Y. 

Shoaf, Joseph, Golden, Col. 

Stokes, John D., Clifton, N. J. 

a Raymond A., Jersey City, 


Sutor, Walter L., Wilmington, Del. 
Taub, Stephen E., Brooklyn, N. Y 
Thomas, R. Keith, Jr., St. Louis, Mo. 
Todd, David B., Berkeley, Calif. 
Valentine, David C, Hammond, Ind. 
Herbert L., Pine Arsenal, 


A 
en Monroe A., Wilmington, 


Wexler, Jack, Moorestown, N. J. 
Wilansky, Harold, Corning, N. Y. 


| Willard, T. L., Akron, Ohio 


Wilmot, Duane E., Whiting, Ind. 
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For a specific condition...or a 
combination of requirements 
NI-RESIST offers a ready solution 


Mecnanicatty Simian To Gray Iron, and resembling 
austenitic stainless steel in many characteristics, N1i-Resist® 
provides a unique combination of properties at moderate 

NvResist has good resistance to corrosive attacks of acids, 
alkalies and salts. In 5% sulfuric acid, for example, N1-Resist 
outlasts cast iron 100 to 1. 

Work-Harpentnc CHaracteristics combined with thor- 
ough graphite distribution make Ni-Restst ideal for metal- 
to-metal wear service. 

NeResist of normal hardness machines like 200 BHN 
gray iron and is readily weldable. 

NtResist shows up to 10 times better scaling resistance. 
and up to 12 times better growth resistance than plain iron 
at temperatures up to 1500° F. 

NrResist has high specific electrical resistance. (140 micro 
ohms /cm") 

Tuermat Expansion may be controlled from 60% higher 
than that of plain iron to a low approximating that of Invar. 


Vol. 48, No. 5 


Dept. CEP, 67 Wall Street, New York 5, N.Y. 


THE INTERNATIONAL NICKEL COMPANY, IN 
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Severat Tyres Or Ni-Resist are available to meet a variety 


of industrial demands. Get full information . . 
now. 

At the present time, the bulk of the nickel produced is 
being diverted to defense. Through application to the appro- 
priate authorities, nickel is obtainable for the production of 
NiResist for many end uses in def and def sup- 
porting industries. There are authorized foundries, from 
coast to coast, equipped to quote you on Ni-Restst castings 
in all common forms and shapes. 


- mail coupon 


ee ee eee eee eee eee 


The International Nickel Company, Inc. 


Properties 
and, Buyers’ Guide for Ni-Resist Castings.” 
Name....... 
Company... 


Title. 


67 WALL STREET 
NEW YORK 5, N. ¥. 
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CONDUCTIVITY 
TOUGHNESS 

CONTROLLED 
WEAR 
HEAT 
a 

NC 
Please send me booklets entitled, “Engineer- 


MUST BLOWERS 


STANDARDAIRE QUIETNESS 
MEANS LESS WEAR--MORE AIR 


MPARTIAL tests have proved conclusively that Standardaire Blowers 
with their smooth, gradual delivery action minimize shock and sound 
pulsations . . . a distinct contribution to quiet operation. Then too, the 
noise level does not noticeably increase with higher pressures. With 
the Standardaire principle you squeeze the air gently instead of slap- 
Ping it . . . a feature that eliminates shock load on the internal parts of 
the blower. This, of course, means less wear and prolongs service life, 
even under severe operating conditions. 


erete 


Read Standard Corporation, Dept. F-15, — 
370 Lexington Ave., New York 17, N. Y. 


BLOWER-STOKER DIVISION 


READ STANDARD 


CORPORATION 
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NEW OXYGEN PLANT 


A new oxygen plant was opened last 
month in Houston, Tex., by the Houston 
Oxygen Co. The plant will make liquid 


| and gaseous oxygen and nitrogen as well 
| a8 gaseous argon. Above are shown the 


expansion engine and generator, at the 
extreme left is the base of the rectifying 
column, and next to it the cold dryer. 
The bag at top is the crude argon 
balloon. Picture taken at opening of the 
plant shows (right to left) A. Herzstein, 
general manager, O. L. Rogers, sales 
manager, and Alfred K. Smith, president. 


SPENCER TO BUILD 
NITRIC UNITS 


Spencer Chemical Co. has completed 
plans for the installation of two addi- 
tional nitric acid units at their Jayhawk 
Works, and two auxiliary storage 
spheres at the Henderson Works, at a 
total cost of approximately $1,850,000. 


| This information was released by K. A. 


Spencer, president of the Company, in 
his quarterly report to stockholders. He 
said that this will permit the company 


to increase substantially its production 


of fertilizer grade ammonium nitrate, 
and will also materially reduce the com- 


| pany’s dependence on the leased facilities 
| at the Charlestown Works. 


The new in- 
stallations are expected to be completed 


| and in operation by June, 1953. 


| HOOKER SPONSORS 
CH.E. FELLOWSHIP 


Hooker Electrochemical Co. is spon- 
soring a research fellowship in chemical 


| engineering at the University of Wash- 


ington. While no specific assignment 
has been made, the research will be con- 


| cerned with uses of caustic soda and 


chlorine as related to the use of waste 
products of the pulp industry such as 


lignin. 
NEW YORK - CHICAGO - ERIE - YORK - LOS ANGELES 


(More News on page 48) 
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TANDARDAIRE 
Likea$ 
+ Noise Level 

| 
i 
; 
Write — * 
STAN DARDAIRE BLOWES | 


ean 


CYCLONE 

DRY PYRITE 
(ALTERNATE) 

PYRITES FROM 


{ 

FEED TANK 


AGITATOR 
“ FEED PUMP AIR SCRUBBING 
BLOWER TOWER 


] 


SCRUBBER WATER | 
CALCINE TO 


COOLER CALCINE STRIPPING TOWER j . 


from sulphide roasting 


* Ges Strength will overage 10- 


wiphides. 
Sulphuric acid manufacturers faced with a shortage of ele- pes a 
mental sulphur are finding in FluoSolids an economically Gen uth 
feasible means of tapping sulphides as an alternate source of methods. ' 
SO,. Fifteen FluoSolids Systems are now under construction ' Feed con be coorse or very fine — 
to furnish SO, gas for contact acid plants. Crews 
For detailed information about FluoSolids — a distinct tow 
5 moving ports are exposed to high 
departure from conventional roasters — ask for a copy of temperatures. 


Dorrco Bulletin No. 7500. Just write to The Dorr Company, —— Seek teeded 
Stamford, Conn., or in Canada, The Dorr Company, 80 ence calcining temperoture is 
Richmond St. West, Toronto 1. ates 

*FluoSolids is o trademark of The Dorr Company, Reg. U.S. Pat. Of. Complete Instrumentation mini- 


mizes the “human factor in operation. 


WORLD -WIDE RESEARCH ENGINEERING EQUIPMENT 
THE DORR COMPANY © ENGINEERS + STAMFORD, CONN. 


Offices, A i p or Rep in principal cities of the world. 
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| GAS 10 
ACID PLANT 
| REACTOR BOILER 
| 
| 
a acc¥ Teds on FluoSolids Systems 
ne for S02 Production .. . 
Tools TODAY to mat tomorrows. demand. 
IT) ORR | 
Vol. 48, No. 


ORI-FLOWRATOR 
high-capacity 
by-pass meters 


NOW... 


STANDARDIZED 
AND STOCKED FOR 
PROMPT DELIVERY | 


Selection of 
FLOWRATOR 
Meters and other 
F&P flow-rate 


instruments 


simplified 


Standardization of F&P in- 4 
dicating instruments permits quan- 
tity manufacture, lower costs, and | 


quicker deliveries. 


You can now select flow 


meters from catalog data to meet 
your immediate requirements. En- 
gineering charges and manufac- 
turing delays are eliminated. 


WRITE FOR NEW 
“STOCK FLOW METER” 
BULLETIN 


Contains complete data, 


sizes, and prices with illustrations 
of F&P instruments now stocked. It 
lists all F&P sales engineering of- 


DEPT 2Q-7H 
HATBORO, PENNSYLVANIA, U, S$. A. 


PROCESS CONTROL INSTRUMENTS 


Chemical Engineering Progress 


NEWS 


(Continued from page 46) 


| HEAT TRANSFER 
SYMPOSIUM 
A symposium on Heat Transfer will 

| be offered during the Summer Session, 
| at the University of Michigan, Ann 
| Arbor, June 23 to Aug. 15. The sym- 
| posium will be designed to meet the 
| needs of advanced students, research en- 
gineers, and teachers in technical schools 

and colleges. 

Lectures by visiting speakers will be 

| given on Fridays and Saturdays, and 
those by members of the University of 
Michigan faculty on Wednesdays. All 
Wednesday and Friday lectures will be 
from 3 p.m. to 4:30 p.m., followed by a 
discussion period. The Saturday lec- 
tures will be from 10 a.m. to 11:30 a.m., 
also followed by a discussion period. The 
lectures will be given in Room 311, 
West Engineering Building. 

For information concerning the re- 
quirements for graduate credit or the 
summer courses, correspondence should 
be addressed to Prof. Harold M. Dorr, 
director of the Summer Session, Uni- 
versity of Michigan, Ann Arbor. For 
additional information about the Sym- 
posium on Heat Transfer, address Prof. 
W. W. Hagerty, department of engi- 
neering mechanics, College of Engineer- 
ing, University of Michigan. 


NATIONAL LEAD BUYS 
NICKEL PROCESSING 
The National Lead Co. has acquired 
a majority interest in Nickel Processing 
Corp.., operator ot the Government- 
owned nickel plant at Nicaro, Cuba, ac- 
cording to Joseph A. Martino, president 
of National Lead. Mr. Martino indi- 
cated that National Lead Co. and 
Fomento Minerales de Cuba have pur- 
chased N. V. Billiton Maatschappij’s 
interest in Nickel Processing Corp. and 
rights to certain processes which may 
jurther expand the output of the plant. 
In February of this year, Jess Larson, 
Administrator of General Services, an- 
nounced the resumption of nickel pro- 
duction at Nicaro. The unit was closed 
down after World War II and has been 
reactivated to provide vital nickel for the 
nation’s defense industry. Full produc- 
tion at a rate of about 30 million pounds 
of nickel per year will begin in June. 
Nickel Processing Corp. is presently 
conducting tests on a pilot plant basis 
which hold promise of increasing the 
capacity of the present facilities and also 
permitting the recovery of cobalt from 
the ores treated at Nicaro. National 
Lead Co. has under construction at the 
present time a plant unit at Frederick- 
| town, Mo., which will also produce 

cobalt. 
(More News on page 50) 
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Fresh-up powder ‘dee busy pool water 


To keep the water in their swimming 
pools constantly refreshed, many 
operators swear by the thorough 
cleansing action of Celite* filtration. 
By removing algae, chlorine-re- 
sistant amoebae—and other suspend- 
ed impurities —Celite Filter Powders 
provide an uninterrupted flow of 
clear, clean water. They also reduce 
the need for chemical treatment. 
The effectiveness of Celite—in this 
and countless other operations— 
can be attributed to these important 


factors which make it unique among 
filter aids: 

Carefully processed from a large 
and pure deposit of diatomaceous 
silica, Celite is available in several 
standard grades—each designed to 
trap suspended impurities of a given 
size and type. Whenever you reorder, 
you are assured of the same uniform, 
accurately graded powder received 
in your initial order. Thus, with 
Celite, you can count on consistent 
clarity and purity in your filtrates— 


at highest rate of flow—month after 
month, year after year. 

Keeping swimming pool water 
constantly refreshed is one of many 
processes in which Celite provides 
vital clarity. The proper grade of this 
filter aid will assure you the same 
results—regardless of your product 
or process. To have a Celite Filtra- 
tion Engineer study your problem 
and offer recommendations, write 
Johns-Manville, Box 60, NewYork 
16, N. Y. No cost or obligation. 

*Reg. U. S. Pat. Of. 


Johns-Manville CELITE 
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CONSERVE 


process water 
AND SLASH YOUR COOLING WATER BILL 


Don’t waste it by pouring the warm 
water down a sewer. Instead, p 
it through a Binks Cooling 
where its heat will be released to 
moving air by spraying, as illus- 
trated above. 

With this simple process you cir- 
culate the same process water over 
and over again. You substitute a 
small pumping cost for a big water 
bill and you also help conserve a 
vital natural resource. 

Binks makes a complete line of 
both natural and mechanical draft 
towers to assure you proper cool- 
ing under any local conditions. 
Thousands are in use for low- 
cost cooling in chemical and food 
processing, manufacturing, or any- 
where heat is dissipated by circu- 
lating fluids. 


Binks natural draft 
cooling towers 


cre available in many sizes 
with capacities from 2.4 to 
480 tons of refrigeration. 


[2 


cooling towers 

are made in several models 
with capacities from 3 to 
1000 tons of refrigeration. 


Send today for Bulletins describing in 
detail Binks full line of . 
cooling towers. State capacity 

required. No obligation. 


MANUFACTURING CO 
A COMPLETE LINE OF COOLING TOWERS + SPRAY NOZZLES 


3114-32 Carroll Ave., Chicago 12, Illinois 
REPRESENTATIVES IN PRINCIPAL CiTiEes 
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The newest of industrial developments in Greater Houston, the 


plant 


A new plant for the manufacture of 


antiknock compounds will shortly be in 


full production at Houston, Tex. officials 


| of the Ethyl Corp. announced last month. 


Ethyl’s new plant, which represents 
an increase of approximately one-third 


| in Ethyl’s tetraethyl lead capacity, “in- 


corporates many technological improve- 
ments, process changes, and new engi- 
neering designs developed as a result of 
Ethyl’s long experience in the field of 


| antiknock compounds, according to E. 


L. Shea, president of the company. 

Along with its Baton Rouge manuifac- 
turing plant, the company now has two 
separate plants each completely inte- 
grated as well as independent of the 
other. 

The new Ethyl plant is situated along 
the south bank of the Houston Ship 
Channel about 17 miles from downtown 
Houston, on a tract of approximately 
400 acres. The present buildings cover 
about 80 acres. 

Ethyl’s new Houston plant will pro- 
vide its own requirements of the chemi- 
cal intermediates needed in tetraethyl 
lead manufacture. These include sodium, 
chlorine, hydrogen chloride, ethyl chlor- 
ide, ethylene dichloride, and lead-sodium 
alloy. The plant is divided into three 
operating areas—the sodium area, the 
ethyl chloride area, and the tetraethyl 
lead area. The plant also has an admin- 
istration building, a centralized shops 
and stores area, a utilities area, and other 
auxiliary features. 
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1 
the Houston Ship Channel, is about to begin production. It rp 
yl antiknock compound used in making antiknock gasolines. 


The largest structure in the plant is 
the T-shaped sodium building, where 
sodium and chlorine are produced by 
electrolysis of salt. Already the world’s 
largest producer of sodium, Ethyl is 
obtaining an increase in capacity with 
its new Houston installation. 

In the ethyl chloride area, the first 
unit in the process is the hydrogen 
chloride plant, where hydrogen is burned 
with chlorine obtained from the sodium 
operations. The hydrogen chloride is 
then compressed and sent to the ethyl 
chloride unit, where it is reacted with 
ethylene to form ethy! chloride. Another 
unit in this area is the ethylene dichlor- 
ide plant, where ethylene is added to 
chlorine to form ethylene dichloride. 

In the tetraethy! lead area, the prin- 
cipal structure is the tetraethyl lead 
plant, where both the alloying and the 
tetraethyl lead operations are carried on. 
As a first step, metallic lead is reduced 
to its molten state. This molten lead is 
then combined with molten sodium to 
form the alloy which is used with ethyl 
chloride in the tetraethyl lead reaction. 

The tetraethyl lead section of the 
building is four stories high. The manu- 
facturing operation begins on the fourth 
floor, where the lead-sodium alloy and 
the ethyl chloride are introduced. After 
the basic reaction has been completed, 
the tetraethyl lead is washed and purified 
and then blended with other ingredients 
to form the finished antiknock com- 
pound. 
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Binks mechanical draft 


Unlocking the tar chain 


Because the Sharples centrifugal process for tar dehydration produces a low 

viscosity tar of constant low moisture content; tar still operation is greatly simplified, 
and maximum production of light fractions is obtained. Operating and maintenance 
costs are reduced; initial investment and floor space are minimized—and a whole 


chain of valuable products is made available to producers of both coke oven and 
water gas tar. 


Sharples centrifugal processes, in addition to tar dehydration, cover a wide 
range of processing—from caustic soda and vegetable oil refining, 
to continuous soap production. It would pay you to investigate the 
Sharples centrifugal naphthalene process. 


Sharples centrifuges for the chemical and pharmaceutical industries, continuously separate, 
clarify, dehydrate, and classify by particle size—numerically, these applications run into 
the hundreds; economically, they are proving their efficiency and high productivity. 


If you are developing, or wish to improve a process, get in touch with Sharples 
—seven different centrifuge types—your assurance of an unbiased recommendation. 


Typical Sharples Tar Dehydration Process Installation 


SHARPLES 


THE SHARPLES CORPORATION + 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORK © BOSTON © PITTSBURGH ¢ CLEVELAND ¢ DETROIT ¢ CHICAGO ¢ NEW ORLEANS © SEATTLE © LOS ANGELES © SAN FRANCISCO + HOUSTON 
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Pickling tank under construction 


Tailor Made 
CHEMICAL EQUIPMENT 


When corrosion proof equipment is needed many 
companies call in Maurice A. Knight as a matter of 
course. They have two excellent reasons for doing 
this. First, the Knight organization has been making 
chemical equipment for over 45 years. Second, each 
unit of Knight equipment is engineered to the specific 
job. 

Knight equipment includes: 

Knight-Ware Chemical Stoneware pipe, towers, 

tower packings, containers, filters, valves, etc. 

Permonite (woven glass fibre-reinforced Furan 

Resin) HCl Absorbers, fume washers, vessels, 
pipe and fume ducts. 

Sealon (vinyl type) tank linings. 

Pyroflex (thermoplastic) seamless vessel linings. 

Pyroflex Constructions: pickling and plating 

tanks, gas cooling towers, chlorine drying towers, 
acid concentrators, etc. Functional units engi- 
neered and constructed to operate satisfactorily 
under specified service conditions. 

Whether you need pilot plant or production equip- 
ment, discuss your needs with M. A. Knight. When 
making inquiry, please specify service conditions. 

Literature will be sent on request. 


ht 705Kelly Ave., Akron 9, Ohio 
Acid and Alkali-proof Chemical Equipment 


CO-OPERATION BIG SHOT 


(Continued from page 27) 


of time between shot and the blast arrival 
in St. George, we know that the shocks the 
residents there heard were always those 
which traveled through the ozonosphere. On 


| several of the shots Las Vegas, Caliente, 


Boulder City, Henderson, and Goldfield 
also received small shocks through the 
ozonosphere. Just like normal troposphere 
shocks, ozonosphere shocks are reflected 
when they strike the earth. In this man- 
ner, residents of Prescott (Ariz.), Milford 
(Utah), and Corcoran (Calif.) each heard 
one of the atomic bomb blasts.” 


Instrumentation 


While most of the instruments used 
by the A.E.C..in measuring physical 
phenomena were not shown, correspond- 
ents were given a glimpse of the Con- 
trol Point at Yucca Flats and of a typical 
bunker in the bomb area, housing re- 
cording instruments. For both air-drop 
and tower shots, bunkers are the heart 
of the data-recording service. They are 
versatile, and may be used to record 
different data for different tests. They 
are built of concrete, below ground level 
and are covered with a thick mound of 
earth, stabilized with an asphalt coating. 
Cost is anywhere from $100,000 to 
$600,000. Bunkers must be built to 
withstand the tremendous effects of 
detonations. Walls are about 3 ft. thick 
and doors are lead-filled to minimize 
radiation in the instrument room. En- 
trances are labyrinths, and each bunker 
is equipped with an air-cooling plant to 
remove the heat generated by the many 
instruments and motors operating dur- 
ing a test. 

The detecting instruments for the 
most part are contained in the test 
towers (300 ft. high) and are contained 
in a cob at the top. Coaxial cables are 
used to transmit signals to the recording 
instruments in the bunker. For the most 
part, signals are photographed from 
high-speed oscilloscopes and the actual 
activation of the instruments and record- 
ers is from the Control Point poised 
between Yucca and Frenchman Flats. 


The official description of the Control 
Point as given out to correspondents, Is as 
follows: “At the control point is a Class A 
weather central which receives weather in- 
formation from all over the world through 
air weather service networks, as well as 
up-to-the-minute information on local con- 
ditions through stations manned specifically 
for these operations. 

“Forecasts provided by this weather cen- 
tral make it possible to schedule tests in 
advance and to postpone if necessary in 
order to utilize optimum weather condi- 
tions. By means of the forecasts the height 
of the radioactive cloud, its track over the 
country and fall-out from it is predicted 
in advance. 

“In a given test there may be as many 
as fifty aircraft empoyed for various pur- 
poses. Their functions vary all the way 


(Continued on page 54) 
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An Ideal Travelling Companion 
for VINYL 


4 


MAKE ACETYL TRIBUTYL CITRATE A 
PLASTICHTER FOR Acetyl Tributyl Citrate is a clear, water-white liquid, 
VINYL SHEETING, FILM, AND aa 
EXTRUSION ComPouNDS: soluble in most organic solvents. It has a high boiling 
point— 172-4°C at 1 mm Hg—and is insoluble in water. 
« NON-TOXIC This plasticizer is highly compatible with vinyl polymers 
and copolymers. In vinyl compounds, its use results in 
e LOW VOLATILITY improved heat and light stability. Extensive tests have 
proved it to have a very low order of toxicity, making 
¢ SUPERIOR LIGHT and it ideal as a plasticizer for food packaging material. 
HEAT STABILITY For additional information about Acetyl Tributyl 
¢ HIGH COMPATIBILITY Citrate and other Pfizer Citrate Plasticizers write for 


the booklet ‘‘Pfizer Citric Acid Esters as Plasticizers.” 
\] 
CHAS. PFIZER & CO., INC. 
630 Flushing Ave., Brooklyn 6, N.Y. 
Branch Offices: Chicago, Ill.; San Francisco, Calif.; Vernon, Calif, 
Manufacturing Chemists for Over 100 Years PETER 
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You get 


COMPLETE VERSATILITY 
in Acid-Proof Tank Linings 


Pure-white Patterson Porox Lining Blocks 
have dependable acid-proof durability in 
service—you can count on that—combined 
with versatility in shapes for easy applica- 
tion to tanks of every style. Make the 
chemical industry's choice your choice — 
specify POROX for that new tank lining 


today! 2 


WYSSMONT 
COMPANY 


31-04E Northern Boulevard 
Leng Island City 1. N Y 


RECORD TIME COUNT QUANTITY AND WEIGHT 


Actuated by an electrical im- 
pulse... operates on the out- 
put of a scaler, photo tube, limit 
switch or any similar device. Re- 
cords counts with relation to time 
and quantity on a roll of tape... 
automatically resets to zero. 


In Radioactive Research, it saves 
precious man hours and results in 
greater economy and efficiency. 


In Industry, it maintains a perma- 
nent record automatically, record- 
ing production and time each 
hour. 


Whatever your counting problems, 
our Engineering Department can 
adapt these Recorders to meet 
your particular need. 


Write for interesting 
Booklet SC27 
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CO-OPERATION BIG SHOT 


(Continued from page 52) 


from dropping a ‘bomb’ to providing es- 
sential transportation, and from making 
important experiments to assisting in radio- 
logical-safety surveys. They range in type 
from big B-45 jet bombers to tiny L-20 
liaison planes. There are C-54s, jet fighters, 
and helicopters. The control of so many 
planes with so many jobs over a few square 
miles of land requires the utmost reliability 
of communications. Men and equipment for 
this purpose are available at the Control 
Point. 

“Beyond this control of the operation 


| there is also the control of the many 
| experiments themselves. There are fila- 


ments to be turned on; power must be 
applied to many circuits; camera shutters 
must be opened and closed at exact mo- 
ments; ultrafast as well as normal movie 
cameras must be started; blast-proof doors 
must be secured; some lights must be 
turned on, others turned off ; in static tests 
the nuclear device itself must be armed and 
fired. These and hundreds of similar de- 
tails must be taken care of without fail in 
proper order and at predetermined times in 
order that the desired information be ob- 
tained. This control is provided with a 
‘sequence timer’ located in the control 
room. The device sends out electric signals 
which activate relays to perform the above 
tasks; it starts clocks to measure the times 
at which these signals are transmitted; it 
measures the time of the detonation; and it 
even starts itseli—in the case of an air 
drop—when the bomb leaves the dropping 
aircraft.” 


As far as instrumentation is con- 
cerned, Dr. Gaelen L. Felt gave a lim- 
ited insight as to how some of the prob- 
lems of recording have been solved. 


“Frequently,” he said, “the most useful 
measurements are those of what takes place 
within the detonation itself. Since the mea- 
surements must be made in millionths of 


| seconds—or less—the resolving of equip- 


ment must be incredibly short. To catch 


| the immediate early phenomena of the 


detonation, the detectors and gauges must 
be placed on the tower in very close prox- 
imity to the unit being tested. This, of 
course, means that the detectors are almost 
instantly vaporized, but in the millionth of 
a second before they are destroyed, they 
transmit the all-important signal to the 
recording devices in the bunker. 

“The electronic recording circuits respond 
extremely rapidly. They can be made to 
operate in a few  hundred-millionths 
(0.00000001) seconds. A great deal of light 
is required to write on photographic film in 


| such a limited time. Unless special precau- 


tions are taken, this light would badly fog 
the film during the many minutes the in- 
strument is waiting for its signal to be 
given. To solve this dilemma the electron 
beam is reduced in intensity and deflected 
off the screen prior to zero time. At the 
last possible instant it is necessary to raise 


| this intensity to its required value. The 


coaxial cable is tapped so that the signal 
itself can trigger an intensifier. The signal, 
however, passes through a greater length of 
cable and hence appears at the scope a 


| microsecond or so later to be recorded after 
| the intensity has been increased. 


“The record is of very short duration, 


Fortunately, however, the fluorescent oscil- 


loscope sereen retains the image briefly 
(Continued on page 58) 
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NEW YORK BOSTON BALTIMORE PHILADELPHIA PITTSBURGH DETROIT CINCINNAT! 

ST TON DENVER LOS ANGELES SAN FRANCISCO SEATTLE 

The Patterson Foundry end Machine Company, (Canada) Limited 

a] 

RECORDERS 

INVESTIGATE THE 

} 

gentle handling: in drying — 

through repeated piling and 

GRANULES * BEADS POWDERS CRYSTALS Countess 

comP 

| REETER-AMET avenvet 

Principal : RA 60 0% 

Page 54 Chemical Engineering Progress 

| 


NOTES FROM 
THE PUMP 
ENGINEER'S 
HANDBOOK 


Little Details Like 
the XXX Seal Make 
Johnston Pumps 


ston pump 
John toh 


Packing Box 
“Assembly 
Ni-Resist 


Discharge Elbow 
Stainless Steel 
Waterway 


Stainiess Stee! 


Bearing Retainer 
Assembly 
Ni-Resist 
Retainer 

Synthetic Rubber 
Bearing 


ring. liquid by- 
efficiency ca bronze 
prevent any loss of 


The extra hardin bronze ¢ jency. TH 

over Stal ined P Assembly 
wear ring 5 Ni-Resist Bowls 
Stainless Steet 


Pump is 
Every Johnston “Tri 


it is inte 
which it 1 Joh 


gears tion, 
ch detailed informe” pump 


partic on Pumps 
Johns 

walities © SPECIAL DUTY PUMPS 

FOR CHEMICALS 
This Johnston special duty pump is 
designed to handle sulphite liquor 
and is typical of units installed in thé 
chemical process industries. 
Johnston Pump Company is a 
in the opplicetion of the vertical 
pump for the handling of acids and 


JOHNSTON PUMP COMPANY 


i Deportment 
I gladly submit typical design 
3272 EAST FOOTHILL BLYD., PASADENA 8, CALIFORNIA and specifications. 


HEADQUARTERS FOR VERTICAL TURBINE, MIXFLOW AND PROPELLER PUMPS SINCE 1909 


Chemical Engineering Progress 


: 
| 
: 
: 
= 
Motor —Vert: 
Hollow 
A | 
: Head Shaft 
| 
: 
° i 
: 1503 AS.A. 
: 
| 
bow! assemblies fitted with ene | 
pellers ™ ton the pump impeller 
nat makes each Johns' rmed by the impo 
nston Seal. fo ao surtaces which : 
Stainiess Steet 
js just one © = 
better. 
> each Johnston Pump gineered for the specific — Impeller YA] N 
for Dealer or at the Johnston Suction Case = 
« oul and anything 
urn 
Compare the ini 
you'll never buy any other 
Sizes from vw 2 
copocities te 10,000 
pyres to 400° 
: highly corrosive solutions. With 
pumped and the service require- : 
Vol. 48, No. 5 ee Page 


ARTISAN 


Pilot Plants and Processing Equipment 


Artisan is an outstanding source for 
your Pilot Plant and Special Continu- 
ous or Batch Complete Processing 
Unit. 


Chemical engineers and mechanical 
engineers combine their experience 
with skilled shop men to develop and 
manufacture excellent mechanical and 
chemical processing equipment. Our 
chemical engineers design complete 
plants and individual stills, evaporators, 
condensers, reactors, piping and tanks. 
Our mechanical engineers develop spe- 
cial conveyors, solids handling devices, 
vacuum closures and special mechani- 
cal processing units. 


Their combined experience and skills 
go into the completed equipment. 


MARGINAL NOTES 
(Continued from page 30) 


Illustrations and tables are used liber- 
| ally to supplement the written text, and 
| probably account for 60 pages in the 

book. An appendix lists the properties 
of certain solutions, and numerical con- 
version factors. 

The effectiveness of this book could 
be improved in certain respects. Graphs 
and diagrams are not always explained 
adequately. Numerical data of the fig- 
ures will be of limited use, because 
usually they are not generalized beyond 
a single resin, and several of the operat- 
ing variables are left unspecified. The 
entire development of the subject is fac- 
tual with a minimum of explanation, so 
that the reader is left largely to make 
his own correlations and interpretations. 
However, these deficiencies reflect the 
complexity of the subject. 

By providing a good introduction to 
the operations of water softening and 
deionization, along with a brief review 


Telephone or write for an engineer to call-We have 
Engineering Representatives throughout the United States. 


ARTISAN METAL PRODUCTS INC. 


Engineers and Fabricators 
73 Pond St., Waltham 54, Massachusetts 


of the rest of ion exchange technology, 
the book will serve to satisfy a wide- 
spread need. 


A German Know-How 
Telephone: 
Waltham 5-6800 


many (1951). 383 pp. $20.95. 


Reviewed by Max Leva, Consulting 
Chemical Engineer, Pittsburgh, Pa. 


world’s most complete line 


HIS book presents a detailed dis- 
cussion of the technology of high 
temperature coal tar, according to Ger 
man practice. It consists essentially of 
two major parts of which the first de- 


scribes the various processes that are in 


avy use for the preparation and refining of 
the nwnerous chemicals derived from 
‘A —_ i coal tar. A detailed survey is given of 
many well-done flow diagrams on the 
type of vessels and units required for 
the individual operations. This part of 
the book, however, does not present 
detailed engineering data. The author 
takes up first batch and then continuous 
distillation of crude tar and proceeds 
then to a consideration of the processing 
of the various fractions, light oil, middle 
oil, ete., to pitch. In connection 
with the latter, reference is made to its 
use for preparation of plastic masses. 
Dispersed through the first part of the 
book the reader finds summaries of the 
chemicals derived from various tar 
fractions together with considerable 

| physical data pertaining to tar chemicals. 
The second part of the book consists 
essentially of two main sections. The 
first contains detailed descriptions of the 
more important units met in tar proc- 
| essing. In some detail construction and 


Mode! No. 216. Particular- 


Model No. 406. Especially 
dapted { lati ly suited for custom feed 
grinding. 


‘or 
oil seed meal residues 
and other aggregates. 


hammer mills 
and impact grinders 


Models, sizes, and acces- 
sories to meet the needs 
of chemical and feed 
manufacturers. 


Our sales engineers will 
gladly consult with you. 
Ask for literature 
and data. 


No. 100 Series. Three sizes om 
g an 
industrial materials. 


THE BAUER BROS. CO. 


1794 Sheridan Ave. e Springfield, Ohio Ee 
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dimensions pertaining to piping, retorts, 
still pots, distillation columns, mixing 
vessels and auxiliaries are presented. In 
the remaining sections of the book speci- 
fications pertaining to a number of tar 
chemicals are listed and analytical test- 
ing methods are outlined. The book is 
excellently cross-indexed and should be 
of great value as a reference manual. 


Tool Steel Handbook. Allegheny Lud- 
lum Steel Corp., Pittsburgh 22, Pa. 
(1951). ii-ix + 197 pp. 

Charts and tables give specific and 
comparative data on properties, analy- 
ses, and applications of this company’s 
tool steels. Details descriptions of the 
important grades, and describes the 
many forms and finishes available from 
Allegheny Ludlum. Heat treating and 
handling techniques and a set of weight 
tables and other useful reference mater- 
ial included. Free copies of the volume 
will be sent to qualified persons on re- 
quest to Allegheny Ludlum Steel Corp., 
2020 Oliver Building, Pittsburgh 22, Pa. 


A New and Bigger Merck 


The Merck Index—Sixth Edition. Pub- 
lication Department, Merck & Co., 
Rahway, N. J. (1952) 1167 pp. $7.00 
for the regular edition; $8.00 for the 
thumb-index edition. 

HE sixth edition of the Merck In- 
dex follows, by ten years, the prior 
volume. According to the publisher, 

50,000 copies of the first printing of 

this new edition are already sold, and 

this fact alone places it well into the 
best-seller list as far as handbooks are 
concerned. It contains, in its 1167 pages 
of text, more than 8000 descriptions of 

individual substances, more than 2000 

structural formulas, and more than 

20,000 names of chemicals and drugs. 
New features include a table of 

standard buffers for calibrating pH 
measurements; a tabie of radioactive 
isotopes giving half-lives and type of 
radiation, and a table of current medical 
uses for radioactive elements and com- 
pounds, 

Another new section lists more than 
300 organic “name” reactions with orig- 
inal and review references, with a 
description and structural representa- 
tion of each reaction. 

As the subtitle indicates, this is really 
an encyclopedia for the chemist, phar- 
macist, physician, and those in allied 
professions. 

To list completely the Table of Con- 
tents, would, be impossible, but more 
than a thousand pages are given over 
to chemicals and drugs, descriptions, 
physical properties, etc. In addition, 
there are many other sections of interest 
to technical men. 


Vol. 48, No. 5 


How 


to get 
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NIAGARA AERO AFTER COOLER cools a compressed 


_ gas, or air, below the temperature of the surrounding atmos- 


phere, thus preventing the condensation of moisture in your 


lines. The gas will contain only half of the moisture left in it 


by conventional methods. Even drier gas can be produced if 
you require it. 

In working with controlled atmospheres of inert gases to. 
prevent undesired reactions, this dryness of the gas at low cost 
is a great advantage. The cost of the Niagara method is low © 
because it uses evaporative cooling, saving 95% of the cost of ; 
cooling water (and its piping and pumping). This direct sav- — 
ing of cost pays for the Niagara cooler in less than two years. 

If you use compressed air to operate tools or pneumatic 
equipment you save much in water and oil damage to tools 
and equipment, and in water damage to materials by using 
the Niagara Aero After Cooler. 


Write for a bulletin, or ask nearest Niagara Field Engineer 
if you have a problem involving the industrial use of air. 


NIAGARA BLOWER COMPANY 


Over 35 Years’ Service in Industrial Air Engineering 
Dept. EP, 405 Lexington Ave. 


Experienced Field Engineers in Principal Cities of U. S. and Canada 


New York 17, N. Y. 
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ON FOUR DIFFERENT 
FILTERS IN ONE PLANT 


| 


. .. + up to $500 per year per filter! 

That's because FEON synthetic fabrics 

last from 10 to 12 times longer than the 

cotton cloths they've replaced in this 
pigment plant—and give better results, 
too. Here are the facts: 

1. STRING DISCHARGE ROTARY FILTER: 
FEON 208 Nylon lasts a year under severe 
chemical conditions, compared to six weeks 
for cotton. Saves $500 a year. 

. SCRAPER DISCHARGE ROTARY FILTER: 
Light-weight, efficient FEON 208 Nylon 
under less severe chemical conditions re- 
places heavy cotton. Saves $150 a year. 

. FILTER PRESS: FEON 164 DYNEL gives 
900% longer life than cotton fabrics, saves 
$2664 a yeor. 

. DUST COLLECTOR: FEON fabrics now un- 
der test are far outlasting other materials, 
promise extensive savings. 


Savings like these may be possible in 
your plant! Try FEON now—filter cloths 
that last from 3 to thirty times longer— 
Be source of supply for all needs — 


4-hour service. Send us the facts and 
igures on your job today. We'll be glad 
to quote prices and make recommen- 


GET 
STARTED 


FEON Selector Chart 
containing samples, 
technical data and 
case histories. 
FILTRATION FABRICS DIVISION 


FILTRATION ENGINEERS, Inc. 
155 Oraton Street » Newark 4, WN. J. 
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CO-OPERATION BIG SHOT 
(Continued from page 54) 


after the electron beam has swept across. 
The persistence of the image, analogous to 
a modern television tube where no flicker is 
discernible to the eye, is sufficient to permit 
permanent recording on the photofilm. 
“These films are the raw data from which 


the results of the experiments are inter- | 


preted. 


“After the shot, re-entry to the building | 


and recovery of the data are made as soon 
as radiological safety precautions permit. 
This is normally within a few hours after 
the blast.” 


This is as much as we were able to | 
learn of the tremendous scientific ef- | 
forts behind an A.E.C. “experiment.” | 
The military problem was quite aside | 
from our story, as is the impressive | 


achievement of the creation of the prov- 
ing ground itself. But we felt that 
behind the closed doors of secrecy, an 
enormous detailed task was being done, 
efficiently, by competent, brainy men, 
and that this test and those to follow, 


as well as those before, were advancing | 
our country quickly and securely to firm 


understanding of nuclear forces. 


The Blast 


As for the blast itself, there is little 


to add to what has already been said. | 


We chose to face away from detonation, 
and saw the desert grow white from the 
intense light of the nuclear release— 
some 35-40 times as bright as the sun, 
according to my calculations, where we 
stood. At the same instant, an intense 
heat wave was felt, of such power that 
one is thankful it lasted only a micro- 
second. After the first glare, the light 
dimmed, and we turned to a fireball, tur- 
bulent and churning, red and black. This 


snuffed out quickly, and in its place | 


was a colored cloud, doughnut-shaped, 
twisting and rising. The desert lifted in 
a huge dust cloud, and the expected 
mushroom formed, but not for long. 
The stem quickly broke and the cloud 
now solid, rose, still pink, white, and 
salmon, to a tremendous height—40,000 
ft., we learned later. 


Somewhere during this time, the blast 


wave hit, loud and forceful, knocking 
my hat from my head. 
complete surprise, for though I knew of 
it, and had planned to time it, the events 
were such that when it came, it was 
unexpected. I suspect further that my 
mouth was still open in amazement and 
unbelief. After all, the instantaneous 


| release of 2X 10" calories, just 10 


miles away, is more than impressive; it 
is close to terrifying. 

Half of Operation Big Shot was over. 
Now began the final phase of tracking, 


| calculating, analyzing and deciding what 
| science had learned, all pointing to the 


next experiment. 
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FOR EXACTING 
TECHNICAL APPLICATIONS 


VITREOSIL* (vitreous sil- 
ica) tubing possesses 
many characteristics you 
seek. A few of its proper- 
ties are: Chemical and 
catalytic inertness. Use- 
fulness up to 1000°C and 
under extreme thermal 
shock. Homogeneity and 
freedom from metallic 
impurities. Unusual elec- 
trical resistivity. Best 
ultra-violet transmission 
(in transmission quality). 
VITREOSIL tubing avail- 
able promptly from 
stock in four qualities. 


TRANSPARENT 
SAND SURFACE 
GLAZED 

SATIN SURFACE 


Stock sizes transparent up to 
32 mm. bore, opaque to 
41," bore. Available for 
prompt shipment. Larger 
diameters can be supplied 
on special order. 

Can be had in all 
normal lengths. 


THE THERMAL SYNDICATE, LTD. 
14 BIXLEY HEATH 


LYNBROOK, N. Y. 
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ZEISBERG WINNERS, 1952 
This year’s winners of the F. C. Zeis- 
berg Memorial Award for excellence in 
engineering report writing were an- 
nounced at the 


| 


April 8 meeting of | 
the Philadelphia- | 


Wilmington Sec - 


tion of A.LChE. | 


at the Du Pont 
Country in 
Wilmington, Del. 


This award is of- | 
fered in memory | 


of the late Fred C. 

Zeisberg, National 

G. S. Cochrane President of A.L 
Ch.E., 1938. 

Gordon S. Cochrane, a senior chem- 

ical engineering student at Drexel In- 


stitute was named first-place winner. | 


Alfred F. Talbot, a 
senior at Villanova 
College, won the 
second prize, and 
the third prize went 
to Byron D. Bab- 
cock, a senior at the 
University of Dela- 
ware. 

The  Zeisberg 
award is presented 
annually to the stu- 
dents submitting 
the best-written re- 
ports in connection with their regular 
academic studies and chemical engi- 
neering laboratory experiments. The 
competition is open 
to students selected 
by the following 
schools: Bucknell 
University, Drexel 
Institute of Tech- 
nology, Lehigh 
University, Lafay- 
ette College, 
Princeton Univer- 
sity, University of 
Delaware, Univer- 
sity of Pennsvl- 


A. F. Talbot 


B. D. Babcock 


vania, & Villanova. | 


Gordon S. Cochrane, a native of 


Philadelphia, at Drexel is a member of | 


the Tau Beta Pi honorary engineering 
fraternity, Phi Kappa Phi, and the 


A.L.Ch.E. Student Chapter. He expects | 


to join the staff of Sun Oil Co. at 
Marcus Hook. 


Alfred F. Talbot was born and raised | 


in Springfield, Delaware County. At 


Villanova he is a member of the student 


chapters of A.I.Ch.E. and A.C.S. 
Byron D. Babcock, of Wilmington, 
won the Silco scholarship at the Univer- 


sity of Delaware, where he is president | 
of Delaware Alpha Chapter of Tau Beta | 
Pi honorary engineering fraternity. | 
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THE BASIC TOOL OF LOW-TEMPERATURE RESEARCH IS THE ADL COLLINS 
HELIUM CRYOSTAT. IT PROVIDES 4 LITERS OF LIQUID HELIUM PER HOUR AND 
MAINTAINS A TEST CHAMBER TEMPERATURE FROM AMBIENT TO —271° C. 


“Boiling point of helium. 


IN THEORY: 

Atoms and electrons are in a state of more 
perfect order at extremely low temperatures. One can 
then study more precisely and effectively a number of 
variations in behavior which may at higher temperatures 
be masked by thermal motion. 


SUPPOSE THAT: 

Industrial research laboratories apply extreme 
low-temperature phenomena to your industry. Today, 
superconductors, chemical kinetics, heat capacities, prop- 
erty studies, are research projects . . . tomorrow, look for 
advances in instrumentation, metals of extraordinary 
hardness, accurate previews of chemical reactions. The 
rapid growth of this new research frontier may well affect 
your industry . .. how, when, or where is up to the research 
scientist, who, by using liquid helium, can more effectively 
and precisely study this new world near absolute zero. 


Send for Cryostat Folder CEP-2 and booklet on Low-Temperature Physics. 


ARTHUR D. LITTLE, Inc. 


Mechanical Division 


30 MEMORIAL DRIVE + CAMBRIDGE, MASS. 
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There's NO SUBSTITUTE 
FOR EXPERIENCE 
Consult GIDCO 


for Bamag’s 80 year 
engineering and 
process 
equipment 
know - how 
@ Nitric acid plants in- 
cluding direct oxida- 
tion by pure oxygen 
for the manufacture of 
high concentrated 
acid 


e Fertilizer Plants 


@ Recovery of waste pick- 
ling acids in steel mills 


@ Recovery of sulfur from 
Petroleum and Gases 
including Sweetening 
Alkacid Plants 


@ Treatment of fish oil for 
its use as edible oil and 
fats 


@ Wecker plants for in- 
crease of yields in ex- 
isting oil refineries 


@ Refining and Hydrogen- 
ation of oils 


@ Electrolysers for Hydro- 
gen and Oxygen 


@ Steel Mill Equipment 


@ Equipment for Water 


Treatment 
WRITE FOR DESCRIPTIVE LITERATURE 


GENERAL INDUSTRIAL 
DEVELOPMENT CORPORATION 


Exclusive Agents for 


270 PARK AVE. « NEW YORK 17.N_Y 


emergency, the 


| sional personnel. Of 


HOLD FIRST MEETING 


On April 9, Army Chemical Center, 
Md., saw the first formal meeting of a 
new organization, “The Enlisted Spe- 
cialists Chemical Engineering Club.” 

The guest speakers were Brig. Gen 
W. M. Creasy, Commanding General of 
the Chemical Corps Research and Engi- 
and Thomas H. 
Chilton, technical director of the engi- 
neering department of the Du Pont Co. 
and the 1951 President of the A.L.Ch.E. 

General Creasy told the 200 young 


neering Command, 
g 


| chemical engineers in the audience about 


the utilization of technical personnel in 
past emergencies, 

Dr. Chilton’s address was on “Why 
an Engineering Society?” He reviewed 
for his audience of young engineers the 
history of the modern engineering fields 
and their professional so 
cieties. 


respective 


The formation of this club, referred 
to in “C.E.P.” April, page 44, has been 
an outgrowth of a situation that has 
grown up at the Chemical Center in the 
past 18 During the Korean 
\rmy has called up a 


months 


great number of men with degrees in 
engineering or one of the sciences. At 
this time, there are about 900 men in 
this category who have been assigned 
to the Center under the Army's prograni 
of utilization of scientific and profes- 
these 900, about 
250 hold one or more degrees in chem- 
ical engineering 

The executive committee of the club 
are shown in the accompanying picture. 
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ENLISTED SPECIALISTS 


ST. LOUIS 


The April 17 meeting was held jointly 
with the National Association of Cor- 
rosion Engineers with 65 members and 
guests in attendance at the pre-meeting 
dinner at the Forest Park Hotel. Later 
the group assembled at the nearby 
Engineers’ Club to hear S. W. McCann 
on “Glass Lined Chemical Equipment.” 
\ttendance here was 151, including 
members from the Engineers’ Club. 

Mr. McCann first outlined the history 
of enameled and glass-lined vessels, 
then described the present-day methods 
tor manufacturing the glass-lined equip- 
ment used by the chemical industry. He 
mentioned the new alkali-resistant glass, 
which has three to four times more 
alkali resistance than the standard glass 
lining. 

Reported by D. S. Weddell 


EAST TENNESSEE 


The 32nd General Meeting was held 
March 3, at Building 89, Tennessee 
Eastman Corp., Kingsport, Tenn., at 
which 35 members and 
present. 

Nathan W. Dougherty, dean of engi- 
neering, University of Tennessee, spoke 
on “Licensing of Engineers in Tennes- 
Mr. Dougherty said all states now 
have licensing laws. 


Visitors were 


see.” 


At the close of the meeting, many 
questions were answered by Dean 
Dougherty, wrote “Engineering 
Registration.” 

Mr. McCann is factory manager of 
the Piaudler Co., Rochester, N. Y. 

Reported by Benjamin Thompson 


who 


SPECIALISTS OF ARMY CHEMICAL ENGINEERING CLUB 


Reading clockwise: Sitting: Paul Mourier-Petersen, M.I.T., 1950; P. J. Ripepi, 
Pittsburgh, 1949; Co-Chairman: K. Vander Voort, Purdue, 1950; William Heneghan, 
Columbia, 1950; Co-Chairman: Cpl. John Ward, Delaware, 1950; Paul Oreffice, 
Purdue, 1949; Joseph Durra, Rose Polytechnic, 1945; Eugene O,Connor, California, 


. 1949; James Fisher, Georgia Tech., 1950; Standing: Larry Bartlett, Iowa State, 1948. 
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BAMAG-MECUIN 


TWIN CITY 

The last meeting of the Twin City 
Section was held March 19, at the Augus 
Hotel in St. Paul. There were 40 for 
the dinner and meeting. 

An introductory talk on “Guided Mis 
siles” was given by Ted Swenson ot 
Raymond Laboratories. Much of his im 
formation and background has come 
from his experience in World War II 

The major talk was by O. W. Greene 
of the Pfaudler Co. He discussed briefly 
the history and development of the Com- 
pany and then demonstrated glass-lined 
mixers and agitators 


Reported by R. H. Fredrickson 


NATIONAL CAPITAL 


The April 9 meeting was held in the 
National Press Club Building. A pre- 
dinner feature of the meeting was a 
plant trip through the Christian Heurich 
Brewing Co. R. E. Gibson, director, 
applied physics laboratory, gave a talk 
titled “Research, Development, and 
Guided Missiles.” During World War 
II he was director of Allegany Ballistics 
Laboratory. 


Reported by D. P. Herron 


CHARLESTON 

The fifth meeting of the year was held 
at the Charleston Recreation Center 
March 18 with 119 members and guests 
present. 

M. L. Murdock, manager of sales and 
engineering of the pump section, Nor- 
wood Works, Allis-Chalmers Manufac- 
turing Co., discussed the design of cen- 
trifugal pumps from the standpoint of 
the manufacturer, He then took up the 
selection of centrifugal pumps for spe 
cific applications, and the key points of 
installation and maintenance. 

R. G. Edmonds of the Kanawha Val- 
ley Technical Council Committee _re- 
ported that the local activities for the 
observance of Engineers’ Week were 
successfully carried out. 


Reported by G. K. S. Connolly 


OHIO VALLEY 


This Section held a joint dinner meet 
ing with the American Society for 
Quality Control at the Engineering So- 
ciety Headquarters in Cincinnati, Ohio. 
April 16. The local section of A.S.Q.C. 
was host. 

After the dinner A. V. Feigenbaum. 
manager of programming of General 
Electric’s aircraft nuclear propulsion 
project, discussed “Managing Process 
Control.” Dr. Feigenbaum covered the 
many factors to be considered in setting 
up a completely adequate system for 
process control. 


Reported by N. HW’. Morley 
(More Local Section on page 63) 
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(Right) Structural details of Low- 
rence Verticol Chemical Pump. 
(Below) Verticol Chemical Pump 
mounted inside of tonk. 

on 


VERTICAL CHEMICAL PUMPS 


Difficult chemical pumping problems—handling hot concentrated 
acids, corrosive alkalies, molten salts, molten sulphur, volatile semi- 
fluids, etc.—have been a LAWRENCE specialty for over 80 years. 

To meet the demands of this rigorous service, LAWRENCE Vertical 
Chemical Pumps are made of metals or alloys carefully chosen to 
give the best protection against the corrosive ond abrasive action 


of the liquid pumped, as well as structural strength and long wear. 
Other design features (depending on the circumstances) include 
liquid seals for high vacuum, the elimination of packing, mounting 
bearings above the level of the liquid pumped to prevent contoct, 
and many more refinements that contribute vitally to efficient, 
trouble-free operation. 

If you have a particularly difficult chemical 
pumping problem, write us the pertinent details. 


DLAWRENCE 


MACHINE & PUMP CORPORATION 
375 MARKET STREET, LAWRENCE, MASS. 
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THE MEMBERSHIP DRIVE IN THE PHILADELPHIA- 
WILMINGTON SECTION 


JOHN LEE OLSEN 


Sun Oil Company, Marcus Hook, Pennsylvania 


HE Membership Committee of the 

Philadelphia-Wilmington Section of 
A.L.Ch.E. was organized in February, 
1950, as a part of the over-all program 
set up by Council for the purpose of 
obtaining a higher percentage of eligible 
chemical engineers interested in the 
activities of the Institute. Since that 
time 130 applications, representing 
about ten per cent of the total section 
membership, have been processed by the 
committee. The purpose of this article 
is to outline for other local membership 
committees the methods used in organiz- 
ing this drive and to acquaint all mem- 
bers with ways and means to help. 

The first phase of the committee's job 
was to secure a list of major organiza- 
tions in the area, together with the num- 
ber of A.I.Ch.E. members in these or- 
ganizations. The committee was fortu- 
nate in that member listings had just 
been compiled by the local section in 
connection with the problem of dues col- 
lection. It was assumed that the eligible 
nonmember engineers were distributed 
in the same proportion as the member- 
ship, and a rough conversion of four 
chemical engineers for every A.I.Ch.E. 
member was used. 


Personal Contact Established 


The primary object in setting up the 
Membership Committee organization 
was to insure that all nonmember chem- 
ical engineers would be contacted per- 
sonally by a committee representative. 
For this reason it was felt that the max- 
imum number of engineers that one per- 
son should be expected to represent was 
about 20-30. As a logical sequence, three 
different company classifications were 
set up: 


Company 
Classification 
Small 
Medium 
Large 


Number of 
Chemical Engineers 
Less than 20-30 

20-100 
Greater than 100 
Work of Committee 
Representatives 


In the smaller companies the ap- 
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EDITOR’S NOTE 

For the second year in a row, 
the Philadelphia-Wilmington Sec- 
tion has won the unofficial contest 
for obtaining the most members 
for the Institute. The chairman 
of the local group during both 
these drives was John Lee Olsen 
of the Sun Oil Co., and we de- 
cided to ask Mr. Olsen to prepare 
an article explaining the know- 
how, which was so successful. 
This is the fifth in the series on 
Institute activities. Others can be 
found in the March, 1951, issue on 
page 46; in the September, 1951, 
issue on page 48; in the December, 
1951, issue on page 52, and in the 
March, 1952 issue on page 60. 


pointed representative handled all work 
personally. In the medium-size compan- 
ies the representative usually set up his 
own committee, and this could be done 
often according to departments or sec- 
tions in the organization. In the large 
companies, committee representatives 
were obtained for the various major de- 
partments in the company. These repre- 
sentatives in turn would often set up 
their own committees so that the per- 
sonal contact would be assured. 

The procedure generally followed by 
the local representative was to obtain the 
names of the chemical engineers in his 
company or department for whom he 
was responsible. In a properly organized 
drive, this number was small enough so 
that all the engineers were known per- 
sonally by the representative. The list 
was then divided into members and non- 
members. The representative then con- 
tacted the nonmembers and tried to ac- 
quaint him with the advantages of Insti- 
tute membership. It was stressed that 
the man should not be high-pressured 
into joining, but rather convinced that 
it was to his own benefit to join. In 
many cases he was invited to attend one 
of the local section meetings. 

The applications obtained through the 
drive were sent to the chairman of the 
Committee for final checking and then 
forwarded to the National office. All 
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applications distributed were stamped 
“Philadelphia-Wilmington Section” so 
that credit would be given the committee 
for any applications sent directly to the 
Institute office. Any success the com- 
mittee has had during the past two years 
has been due to the working members 
of the committee. The organization de- 
veloped here has worked out well, but 
without conscientious local representa- 
tives, the drive would have been a 
failure. 


Important Role of Each Section 
Member 


The original survey of the organiza- 
tions in the area showed that between 
15 and 30 per cent of the chemical engi- 
neers worked in small companies (those 
employing up to about five chemical 
engineers). This is a particularly diffi- 
cult problem since it is impossible to 
have a representative in each of these 
companies. The local section has tried 
to help by including in the announce- 
ment of one of the meetings a short 
write-up requesting solicitation of 
prospective members by all members of 
the section. In addition, the drive has 
often been publicized at these meetings 
and the members advised about whom 
they should contact for membership in- 
formation. It appears that no organized 
approach can be developed for this 
problem and the committee is dependent 
on the individual members in helping to 
convince these engineers that they would 
benefit by joining the Institute. 


Success of Drive—Service to 
Institute 


The 130 applications obtained to date 
represent only a small percentage of the 
eligible nonmember chemical engineers 
in the area. Working on this drive has 
shown us that many of these men are 
anxious to join the Institute but have 
failed to do so because of lack of know!l- 
edge or just plain inertia. In getting 
these men to apply, our Committee feels 
that we are doing a service both to them 
and to the Institute. 
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LOCAL SECTION NEWS 


(Continued from page 61) 


CENTRAL VIRGINIA 
This Section held a dinner meeting at 
the Gables Hotel, Elkton, Va., March 21 
1952. Fifty-eight members and guests 
attended. 


The appointment of L. E. Poese to | 


serve as secretary-treasurer was an- 
nounced. 

C. E. Ford, assistant manager, indus- 
trial carbon department, National Car- 


bon Co., gave a talk on the operations | 
and problems of the Local Sections | 


Committee of which he is chairman. 
Mr. Ford then talked on “Recent De- 
velopments in Karbate Process Equip- 


ment.” With the aid of projected slides | 


he showed and explained how certain 


Karbate equipment designs were devel- | 


oped. 
Reported by L. E. Poese 


BATON ROUGE 


A meeting was held March 6, 1952, 


in the Camellia Room of the Heidelberg | 


Hotel. The guest speaker, H. Dayton 


Wilde, manager of research and devel- | 


opment for the Humble Oil & Refining 
Co., talked on “Exploring and Drilling 
for Oil in the Gulf of Mexico.” 

The talk reviewed the history of oil 
activities in the Gulf up to date. 


Reported by Richard H. Bretz | 


PITTSBURGH 

At the April 2 dinner meeting, held 
at the College Club of Pittsbrrgh, Carl 
F. Prutton reviewed the critical avail- 
ability of sulfur and the activities now 
going on in search of additional supplies 
of this key material in the national de- 
fense program. Dr. Prutton, who is 
vice-president and director of opera- 
tions, Mathieson Chemical Corp., cen- 
tered his remarks on the process for the 
recovery of elemental sulfur from the 
waste hydrogen sulfide content in sour 
petroleum gases. 


Reported by Hugh L. Kellner 
SOUTHERN CALIFORNIA 


The April 15 meeting, held at Carl's 
Restaurant in Los Angeles, found some 
100 members congregating to hear 
Forrest E. Haver, Jr., of the Dean 
Witter and Co., research department, 
discuss the dynamic character of the 
chemical industry and some of the rea- 
sons why managers of large financial 
institutions, insurance companies, and 
banks have always held chemical indus- 
try securities in the highest regard. 

Mr. Haver pointed out that one of the 


basic reasons investors are interested in | 


the chemical industry is its phenomenal 
growth. 
Reported by Gale S. Peterson 
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Left Tank: 10-mil thickness of protective cooting 


after 3 years’ service. ofter 2 years. 


e 


Right Tonk: 3-mil thickness of some system foiling 


t. 


more Coats, or mo 


re Thickness ? 


Practical Pennsalt System 
Proved in Plant Usage 
with PENNPAINTS , 
The above photo of acid storage tanks clearly illustrates the 
difference between good and poor paint maintenance programs. 
Taken at Pennsalt’s Wyandotte, Mich., plant, it shows part of 
the results of a 3-year study of painting programs. The method 
was developed by actual painting crews and plant engineers 
...is not just a theoretical laboratory test. 


Now Pennsalt can offer you a painting system which your own 
maintenance painting crew can use ...a system which pro- 
duces greater thickness of coats, with fewer number of coats. 
This system—using Pennsalt’s own Pennpaints—was tested 
in actual plant use, against 62 other common paint systems. 


Thicker coats, and fewer of them, not only proved more 
efficient, but also more economical in the long run. And when 
you realize that industry pays an annual maintenance bill of 
$2 billion for painting alone, this new Pennsalt program begins 
to look pretty important, doesn’t it? 


Of course, the subject is too complex to be discussed in detail 
here. But a word from you will bring complete data to you on 
the run. Write: Corrosion Engineering Products Department, 
Pennsylvania Salt Manufacturing Co., Philadelphia 7, Pa. 
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PACIFIC 


CORROSION RESISTANT % 


VALVES 


150 LB. SERIES 
GATE VALVE 
O.S. & Y.-Bolted Bonnet 
Fig'd. Ends: to” 
Ser'd. Ends: to 3” 
Manufactured to M.S.S. 
St'ds. Also Available 
with A.S.A. Flanges. 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge 
Ser'd. Ends: to 2” 
Manufactured to 


FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 
Chairman of the A1.Ch.E. Program Committee 
Walter E. Lobo. The M. W. Kellogg Co.. 225 Broadway, New York 7, N. Y. 


MEETINGS 


Chicago, Ill, Palmer House, Sept 
11-13, 1952 

Technical Program Chairman: 
D. A. Dahlstrom, Chem. 
Dept., Northwestern University, 
Evanston, Ill. 


Annual — Cleveland, Ohio, Hotel 
Cleveland and Carter Hotel, Dec. 
7-10, 1952. 

Technical Program Chairman: R. L. 
Savage, Dept. of Chem. Eng., Case 
Inst. of Tech., Cleveland 6, Ohio. 


Biloxi, Miss., Buena Vista Hotel, 
Mar. 8-11, 1953. 

Technical Program Chairman: Nor- 
man A. Spector, Vitro Corp., 233 
Broadway, New York 7, N. Y. 

Toronto, Canada, Royal-York Hotel, 
April 26-29, 1953 

Technical Program Chairman: Bry- 
mer Williams, Dept. of Chem. and 


Applied Thermodynamics 

Chairman: W. C. Edmister, Cali- 
fornia Research Corp., Richmond, 
Calif. 

Meeting—Cleveland, Ohio 


Human Relations 

Chairman: R. L. Demmerle, General 
Aniline & Film ay 230 Park 
Ave., New York, N. 

Meeting—Cleveland, Ohic. 


Modern Statistical Methods in 
Chemical Engineering 

Chairman: C. Daniel, Engineering 
Statistician, 116 Pinehurst Ave., 
New York 33, N. Y 

Meeting—Cleveland, Ohio. 


Filtration 

Chairman: F. M. Tilier, Dir., Div. 
of Eng., Lamar State College of 
Technology, Beaumont, Tex. 

Meeting—Cleveland, Ohio 


M.S.S. St'ds. 


600 LB. SERIES 
GATE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 2” 
Scr'd. Ends: to 2” 
Manufactured to 
A.S.A. and A.P.1, St'ds. 


150 LB, SERIES 
GLOBE VALVE 
O.S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 4” 
Scr'd. Ends: to 
Manufactured to 
M.S.S. St'ds. 


150 LB. SERIES 
SWING CHECK 
Bolted Bonnet 
Fig'd. Ends: ',” to 4” 
Ser'd. Ends: to 
Manufactured to 
M.S.S. St'ds. 


@iTrese Valves are 

Type 316 of Alloy 20 S 

Corrosion Resistart A 
Monel anc Mastelioy can be supplied 


PACIFIC VALVES, INC. 


3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 

TELEPHONES: 1. B. - 40-5451; Los Angeles - NEvado 6-2325 

TELETYPES: 1.8. - 8-8076; New York City - 1-1077 
Houston, Texas - HO 489 
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Met. Eng., University of Michi- 
gan, Ann Arbor, Mich. 


San Francisco, Calif., Fairmont and 
Mark Hopkins Hotels, Sept. 13-16, 
1953. 

Technical Program Chairman: R. 
W. Moulton, Head, Dept. of Chem. 
Eng., University of Washington, 
Seattle, Wash. 


Annual—St. Louis, Mo., Hotel Jef- 
ferson, Dec. 13-16, 1953 

Technical Program Chairman: R. M. 
Lawrence, Monsanto Chem. Co., 
St. Louis 4, Mo. 


High Pressure 

Chairman: E. W. Comings, Head, 
School of Chem. & Met. Eng., 
Purdue University, Lafayette, Ind. 

Meeting—Cleveland, Ohio. 


Mining, Metallurgical Techniques 
for Chemical Engineers 


Chairman: To be announced later. 
Mecting—Biloxi, Miss 


Chemical Engineering in Hydro- 
metallurgy 
Chairman: John D. Sullivan, Battelle 
Memorial Institute, Columbus, 
Ohio. 
SYMPOSIA Co-Chairman: John Clegg, Battelle 
Distribution of Chemicals Memorial Institute, Columbus, 


Ohio. 
Chairman: D. A. Dahlstrom, North 

western University, Evanston, Ill. Fluid Mechanics 
Meeting—Chicago, III. Chairman: R. W. Moulton, Head, 


) U 
Dept. of Chem. Eng., University of 


Washington, Seattle, Wash. 
Chairman: F. J. Van Antwerpen, . 
Editor, Chemical Engineering Pro- Absorption 
gress, 120 East 41st St., New York Chairman: R. L. Pigford, Div. of 
17, N. ¥. Chem. Eng., Univ. of Delaware, 
Meeting—Chicago, I. Newark, Del. 


Authors wishing to present papers at a scheduled meeting of the A.I-Ch.E. 
ye first query the Chairman of the A.I.Ch.E. Program Committee, Walter 

. Lebo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the author wishes to present the paper. Another 
carbon should go to the Editor, F. J. Van Antwerpen, 120 East 41st Street, 
New York 17, N. Y. If the paper is suitable for a symposium, a carbon of the 
letter should go to the Chairman of the Symposia, instead of the Chairman of 
the Technical Program, since symposia are not scheduled for any meeting until 
they are complete and approved by the national Program Committee. Before 
authors begin their manuscripts they should obtain from the meeting Chairman 
a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
first book covers the preparation of manuscripts, and the second covers the 
proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor's 
office. Manuscripts not received 70 days before a meeting cannot be considered. 
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LOCAL SECTION NEWS 


(Continued from page 63) 
NEW ORLEANS 


A joint meeting of this Section with 
the Tulane University Student Chapter 
was held in the university's Mechanical 
Engineering Building, March 19, 1952. 

Two papers, “Inauguration of the 
Chemical Engineering Practice School 
at Tulane” by Harry Osment, and “The 
Determination of Overall Heat Transfer 
Coefficients on Industrial Exchangers” 
by Thomas Farmer, were presented. 
Both speakers are senior chemical engi- 
neering students at the University. 

The papers discussed, respectively, the 
objectives and plan of operation of the 
new practice school and its application 
to a specific problem. The practice 
school, probably the first of its type in 
the South, is operated in conjunction 
with the Pan-Am Southern Corp. 
Reported by Edwin R. Cousins 


STUDENT CHAPTER CON- 
FERENCE IN VIRGINIA 


Ten schools represented by 103 dele- 
gates attended the Third Annual Con- 
ference Mid-Atlantic Regional Group of 
Student Chapters of American Institute 
of Chemical Engineers held at the Uni 

versity of Virginia, Charlottesville, Va., 
March 28-29, 1952. The schools repre- 
sented were: Johns Hopkins University, 
University of Maryland, West Virginia 
University, University of Delaware, 
Sucknell University, University of 
Pennsylvania, Pennsylvania State Col- 
lege, Drexel Institute of Technology, 
Villanova College, and University of 
Virginia. 

The program included a party at the 
Engineers Club, a tour of the new chem- 
ical engineering laboratories, a social 
hour, presentation of eight student pa- 
pers in Maury Hall, and a_ banquet. 
F. J. Van Antwerpen, editor, Chemical 
Engineering Progress, toastmaster at 
the banquet, resented the student paper 
awards. The principal speaker was 
Martin J. Bergen, engineering depart- 
ment, Du Pont Co., whose address was 
titled, “What Engineering Undergrad- 
uates Should Expect to Get Out of 
Technical Education.” 

Mr. Bergen’s talk presented the prob- 
lem as viewed by industry of combining 
needed liberal arts courses for engineers 
without sacrificing their technical in- 
struction and this while keeping the time 
requirements as low as possible. The 
address evoked many questions and 
much discussion. 

The students who received paper 


awards were the following: First prize | 
to Robert G. Clark, Drexel Institute of | 


(More Local Section on page 66) 
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That’s high quality metal! 

Metal destined for a high alloy 
casting which has to meet 

some pretty rigid specifications! 


The story we want to tell here is about our Testing Facilities. We have 
right in our foundry every conceivable testing facility needed when 
checking static or centrifugal high alloy castings for industry. Where 
required, we make complete chemical, metallurgical, and mechani- 
cal checks and tests. And have both a 400,000 volt X-ray unit and 
gammo-ray unit, for checking the final casting for hidden flaws. 


As we see it, the only way to assure customers of high quality cast- 
ings is to have and use all necessary facilities for testing and check- 
ing the heat, pour and finished casting. 
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ARE YOU KEEPING STEP LOCAL SECTION NEWS 


(Continued from page 65) 


WITH YOUR PROFESSION? 
e Liquids”; second prize ($5.00), for 

| “Solubility Behavior at Solvent Condi- 
tions Approaching the Critical” to 
Fu-Ho Chan, University of Pennsyl- 
vania, and the third prize to Clifford R. 

THE MONOGRAPH and SYMPOSIUM SERIES tor 
his paper, “Industrial Waste Treat- 
of | ment.” The first prize was $10.00, the 


| second, $5.00, and the third prize an 
CHEMICAL ENGINEERING PROGRESS 


honorable mention award. 


COLUMBIA VALLEY 


On April 10 a Symposium on Heat 
| Conduction was held by this Section. 
More than 60 members and guests were 
research data on the various phases of chemical engineering: reaction in attendance. 

The four speakers and the symposium 
chairman were all members of General 
| Electric Co., Hanford Works. The 
chairman was Dr. W. K. Woods, assis- 
Just published oe tant manager, technical section. The 


PHASE-EQUILIBRIA—Piust h _ Se speakers and their topics were: 
ASE- A—Pittsbu anc ouston (Symposium Series: “fF F 
Q J. R. Triplett— Mathematical Approach 
138 pages, 84 by 11, paper covered, $3.75 to members, $4.75 to non- | to Heat Conduction. é 
members), containing twelve papers on vapor-liquid equilibria, iso- | Binder Graphical Methods for Heat 
i nde ransient Condition. 
thermal and isobaric equations, hydrocarbon systems, flash vaporization, a Elec- 
nomographs, extractive distillation, solvent polymer systems. wer Analogue to Heat Conduction 
M. Altman— The Use of Emmon’s Re- 
laxation Method for Heat Conduction— 
Steady State. 
Previously released . . 
7 y A joint meeting of this Section and 
U ltrasonics—two symposia (Symposium Series: 87 pages, 842 by 11 the American Society of Metals was ad- 
dressed March 26, 1952, by Truman S. 
Fuller. Mr. Fuller, who is national pres- 
ident for the American Society for Test- 
Reaction Kinetics (Monograph Series: 74 pages, 842 by 11, paper cov- | '"® Materials and a representative of 
1. $2.95 ¢ the General Electric Co., Schenectady 
ered, $2.25 to members, $3.00 to nonmembers). Works Laboratory, spoke on “Progress 
| in Materials for the Electrical Industries 
During the Past Fifty Years.” 
Me The price of each volume depends upon the number printed. Subscriptions to the | Reported by C. F. Falk 
series, which entitle you to a discount of 10%, will make possible larger runs and con- 
sequently lower prices. The diseount applies to all volumes in both series published in 


1952 and subsequent years. | PHILADELPHIA- 
WILMINGTON 


The sixth and last meeting of the 
1951-52 season was held at the Du Pont 


CHEMICAL ENGINEERING PROGRESS Country Club, Wilmington, Del, on 
120 East 41 Street, New York 17, N April 8, 1952. About 90 persons at- 
» New Yor > ae Ue tended the dinner and 150 the meeting 
1 Please enter my subscription to the CEP Symposium and Monograph Series. | will be | that followed. ; 
billed at a subscription discount of 10% with the delivery of each volume. Officers elected who will be in office 
Please send: for the one year period which began 
C) copies of Phose-Equilibrio—Pittsburgh and Houston. May 1, 1952, are as follows: 
C) copies of Ultrasonics. Chairman—Wm. E. Chalfant, Atlantic 
C) copies of Reaction Kinetics. Refining Co. 
Vice-Chairman—Roy Kinckiner, Du 
Pont Co. 
Corres. Sec—Wm. E. Osborn, Atlan- 
tic Refining Co. 
Rec. Sec.—Theodore A. Burtis, Hou- 
dry Process Corp. 
Treasurer—Wm. A. Bours, DuPont 
Asst. Treas—Harry L. Bolton, Phila. 
Quartz Co. 


provide a uniform, low-cost * means of amassing the latest authoritative 


kinetics, heat transfer, ultrasonics, phase-equilibria, diffusion, ete. 


paper covered, $2.00 to members, $2.75 to nonmembers). 


C) Bill me. () Check enclosed (add 3% sales tax for delivery in New York City). 
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Executive Comm.—Richard B. Chillas, 
Retired ; Jack C. Dart, Houdry Proc- 
ess Corp.; T. W. Tomkowit, Jr., 
Du Pont Co. 


The speaker of the evening was Erik 
Braun of Merck and Co., Rahway, N. J. 
who talked on “Engineering Aspects of 
Antibiotic Manufacture.” 


Reported by Wm. E. Osborn 


NORTHERN CALIFORNIA 


At the March 17 dinner meeting held 
at the Engineers’ Club in San Francisco, 
the 121 persons attending heard a talk 
on “Chemical Engineering Applications 
of Radioisotopes” by Jerome Kohl of the 
Western Division of Tracerlab, Inc 
To supplement his talk, Mr. Kohl ex- 
hibited some instruments used in connec- 
tion with radioisotopes. 


Reported by D. F. Rynning 


WASHINGTON-OREGON 


The first annual student tour and 
joint A.L.Ch.E. Junior Chapter dinner 
meeting was held April 23-25. The pro- 
gram of industrial tours was arranged 
as follows: 


April 23: 
Nalleys, Inc., Tacoma, Wash. 
Parker Paint Co., Tacoma 
Fleischmann Yeast Co., Sumner, Wash. 
St. Regis Kraft Co., Tacoma 
Wypenn, Tacoma 
April 24 
Stauffer Chemical Co., Tacoma. 
Tacoma Smelter, Tacoma 
Du Pont Chemical Co. 
Hooker Electrochemical Co 
Pennsylvania Salt Mfg. 
April 25 
Union Oil Refinery, Edmonds, Wash 
Sick’s Brewery, Seattle 
North Coast Soap Co., Seattle 
Bethlehem Steel Corp 
Superior Portland Cement Co. 
Air Reduction Pacific Co. 


Choice 


Following dinner, which was held in 
the Windsor Room of the New Wash- 
ington Hotel, April 25, there was a 
panel discussion on “Job Orientation” at 
which Roger Chase of the R. E. Chase 
Co., was moderator. 

The following speakers discussed the 
place of the chemical engineer in their 
respective fields : 


Management—T. E. Moffitt, gen. mgr., 
Hooker Electrochemical Co. 

Teaching—George Austin, prof. Wash- 
ington State College 

Production—J. W. Hastings, supt., 
Edmonds asphalt plant, Unoin Oil 


Development—Clark Heritage, vice- 
president in charge of development, 
Weyerhaeuser Timber Co. 

Patents—Wright Arnold, patent lawyer 

Engineering—W. S. Munro, chief 
chem. engr., Monsanto Chemical Co. 

Consultancy—Charles Smith, North- 
west Laboratories 

Sales—Fred Armbruster, sales mgr., 
Dow Chemical Co. 


Reported by J. T. Stephan | 


Vol. 48, No. 5 


Complete Acid-proofing Service 


EL-CHEM offers complete service covering every type of acid-handling and storage 
unit — and every kind of corrosive * EL-CHEM construction withstands thermal and 
mechanical shock * With more than thirty-five years experience, reflected in instal- 
lations in the largest chemical and steel plants, we have developed many new proofing 
materials and more efficient methods of application * We maintain an active research 
department and our engineers are ready to survey your acid-proofing problem, make 
recommendations and prepare plans and estimates — without obligation + EL-CHEM 
Materials include CEMENTS, BRICK, LININGS, COATINGS, IMPERVIOUS MEM. 
BRANES, PIPE JOINTING MATERIALS, etc., ete., used in constructing TANKS, 
TOWERS, FLOORS, STACKS, DUCTS, SEWERS, GUTTERS, WASTE LINES and 
NEUTRALIZING EQUIPMENT + EL-CHEM Service includes materials and super- 


- or complete installation + Write for technical bulletin 


vision 


Serubbing tower 
handling hydro- 
chloric acids and 
solvents of 280° F., 
p.s.i. steel shell, 
Duro-line mem- 
brane, Lecite joined 
brick lining. 


> 
Port of 25,000 sq 
ft. of floor. EL-CHEM 
Lecite and glass 
cloth membrane 
under 14%" floor 
brick joined with 


lecite 

CHEWicz ) ENGINEERING & 

| Cal MANUFACTURING CO. 

752-C Broad Street © Emmaus, Pa. 

Manufacturers of acid and alkali-proof cements, linings and coatings since 1912 : 

: + 
£ 


There's a 
Custom-Built AMERICAN CRUSHER 


From small laboratory mills to high ton- 
nage mills, American Crushers — with 
built-to-the-job efficiency—are famous for 
long-time service at lowest possible cost. 


WRITE FOR LITERATURE ON 
j THE COMPLETE AMERICAN LINE 


“AC” Ring Mill with patented 
Shredder Ring—to 500 TPH 


exacting 


small ecole 


PULVERIZER CO. 


1215 Macklind Ave. 
St. Louis 10, Mo. 
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pe for CHEMICAL PROCESSING PLANTS 
| 
— 
| | 
NG ‘ ° \ } 4 
GRIND! TONNAGE 
c 
RUSHING 
VE 
. _ “50 Series’ Hammermill— 
Laboratory Mill— 
“KC” Plastics Grinder “24 Series” Ring or Ham- 
| —to 450 Ibs. per hour mer C 50 TPH 
| 


RAISE FILTRATE QUALITY 
LOWER MAN.HOUR COST 
with al i 

CHEMICAL 


R.P. ADAMS CO., inc. 202, 


— 


OIL RECLAIMER 


** VACUUM PUMP 


USERS INSTALL of i LCO 


OIL RECLAIMER SYSTEMS TO KEEP 
LUBRICATING AND SEALING OILS 
FREE OF SOLIDS * GUMS * WATER 
AND GASES 


THE HILCO OIL RECLAIMER 
IS COMPLETELY AUTOMATIC 
FREE LITERATURE 


L BE MADE 
TION ON YOUR PART 


Rite FOR 


RECOMME 
OBLIGA 


* THE HILLIARD Corporation, 144 W. 4th St., ELMIRA, N. Y. © 
In Canada — Upton-Bradeen-James, Ltd., 990 Bay St , Toronto — 3464 Park Ave., Montreal 
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LOCAL SECTION NEWS 


(Continued from page 67) 


ROCHESTER 
The fifth meeting, held March 19, 
1952, was a joint meeting with the 
Student Chapter of A.L.Ch.E. at the 
| University of Rochester, held in Chem- 
| istry Building, University of Rochester. 
| The speaker of the evening was 
| Malcolm H. Barnes, development engi- 
neer, Linde Air Products Co., Tona- 
wanda, N. Y., who talked on “Synthetic 
High Temperature Crystals.” He 
traced the development of the synthetic 
crystal industry both in Europe and the 
United States. He pointed out that 
most of the crystals including the syn- 
thetic sapphire and ruby were basically 
alumina crystals but that the titania 
crystal was coming into use in this 
country as a synthetic gem stone. 
There were approximately 55 people 
at the dinner preceding the meeting. 
Of the number attending, approximately 
20 were from the student chapter. There 
was a total attendance of approximately 
85 at the meeting itself. 
Reported by Irving Siller 


MIDLAND 

At a joint meeting with Midland Sec- 
tion of the A.C.S.. on March 31, in 
Dow Auditorium, Llewellyn Heard, re- 
search chemist of Standard Oil Co. 
(Ind.), gave his presentation of “The 
Story of Fire.” This lecture demonstra- 
tion’ was. well.attended with more than 
400 people. This talk designed for non- 
technical audiences, illustrated surface, 
combustion, ignition temperature, oxy- 
gen availability, ete. 

Ray L. Geddes, consultant for Stone 
& Webster Engineering Corp., addressed 
115 members and guests on “The Effi- 
ciency and Capacity of Bubble Cap 
Trays” at the March 27 meeting at the 
Dow Auditorium. He told of the factors 
in the design of a bubble tray that have 
not been fully rationalized in the liter- 
ature and where judgment and exper 
ience are still involved. He discussed the 
work of Gerster & Colburn et al on foam 
height on trays. 

Reported by Raymond Duddlesion 


CHICAGO 

About 200 members and guests met in 
| Vogel's Restaurant in Whiting, Ind., 
March 24, to hear R. C. Gunness, assis- 
tant general manager of manufacturing. 
Standard Oil Co. (Ind.) speak on 
“Function and Purpose of the Govern- 
ment Committee on Scientific Advance- 
ment.” Dr. Gunness related his experi- 
ences in Washington as vice-chairman 
of the Research and Development 

Soard of the Department of Defense. 
| Reported by Thorpe Dresser 
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ADAMS FILTERS 

Poro-Stone or Poro-Carbon 

filter medio for ideal fiver oid 

stream again in minutes. 

battery, includes filter cid precoct | 

Write for your copy of Bulletin 430 

| 

VACUUM 

UMPS REQUIR si 

AN OIL eee 

FOR 

perren VACUUM 

REDUCED VACUUM 

MAINTENANCE 


LEFAX «xx 


@ POCKET SIZE TECHNICAL 
DATA BOOKS EACH 


Printed on loose leaf, six hole, 6%” x 
3%” bond paper, each book contains 
about 140 pages of technical data, pre- 
senting condensed, accurate and essen- 
tial data for the student, engineer, tech- 
nical worker and business man. 


eee 
Architecture Hydraulics 
Home Heating Surveying 


Ilumination 
Electrician's Data 
Builder’s Data 
Lumber Data 


Mech. Drawing 
Machine Design 
Machinists’ Data 
Piping Data 


Air Conditioning Surveying Tables 
General Math. Trig-Log Tables 
Math. Tables Metallurgy 
Physics Analytic 
Chemical Tables Chemistry 
Metals Highway 
Gen'l. Chemistry Engineering 
Reinforced Mechanics of 
Concrete Materials 
Building Power Trans. 
Construction Mach’y. 
Radio Thermodynamic 
Television & FM Tables and 
Electricity, AC Charts 
Electricity, DC Phys. and 
nd 
namic Data 
Sundae Phys. and Org. 
Relays, Meters 


Write for FREE Catalogs (over 2000 list- 
ings). See for yourselt how helpful LEFAX 
can be to you. Send $1 for each book, or 
$5 for any six books listed above, to: 


LEFAX Dept.CP 10 Philadelphia 7, Pa. 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Workmanship at a Fair Price. 


HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 
valuable Bulletin as 


contains 
analysis 1950 ASME, Code 
r Unfired Pressure Vessels. 


Use our 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


} 


STEEL * ALLOY PLATE FABRICATION 
; HEAT EXCHANGERS 


PEOPLE 


S. R. Bell has been appointed prin 


| cipal engineer on synthetic resins and 


plastics of the chem- 
ical division of 
Blaw-Knox Coa., 
Pittsburgh, Pa. 
Prior to his recent 
affiliation with 
Blaw-Knox, Mr. 
Bell assistant 
chief engineer for 
a chemicals pro 
ducer and earlier in 
his career had ex 
experience in synthetic resins 
He received hi 
from the Univer 


was 


tensive 


and related processes, 
M.S. degree in 1941 
sity of Pittsburgh. 


Jerome T. Coe has recently been ap 
pointed manager of sales development 
at the General Electric chemical divi 

| sion’s silicone plant at Waterford 
N. Y. He started his career with Gen 
eral Electric in the research laboratory 


at Schenectady and from 1943-46 le 
served in the U. S. Navy. On his re 
| turn he was employed in the chemical 


engineering division of G. E. and in 
1948 was put in charge of process engi 
neering at the Waterford plant, a posi 
tion he held until his recent appointment 
He received his B. S. degree in chemi 
cal engineering from M.1.T. 


Bion D. Barger, Jr., a former stu- 
dent at the University of Washington, 
Seattle, Wash., has assumed the position 
of research chemical engineer for the 
M. W. Kellogg Co., Jersey City, N. J 


Eugene P. Shoch, 
chemical engineering and director of the 
Bureau of Indus 
trial Chemistry at 
the University of 
Texas, was recent- 
ly elected to life 
membership in the 
So. Texas Section, 
A.L.Ch.E. His ca 
reer has included 
professional duties 
as a civil engineer, 
teacher, musician, 
and editor. 

At the University of Texas in 1916 
he initiated a course in chemical engi- 
neering, was instrumental in enlarging 
the chemistry department to include 
chemical engineering, and in establish- 

| ing, in 1940, a separate department of 
| chemical engineering. Dr. Schoch re- 
| ceived his B.S. degree in 1894 and his 
| M.A. in chemistry two years later. His 
| Ph.D. was awarded in 1902 at the Uni 
versity of Chicago. 

A member of A.I.Ch.E 
is the first member of this Section to 
receive the lifetime membership award 


(More About People on page 70) 
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NEW 


POCKET SIZE pH METER 
Nothing Like It! 
Uses Electrometric Principle 


e ELIMINATES indicating solutions, 
measurement of sample, and color 
matching. 

e ELIMINATES errors due to sampling 
techniques, turbidity, and presence 
of oxidizing or reducing agents. 


And Provides— 

e INSTANT, continuous, direct read- 
ing of pH with no buttons to hold 
down or dials to turn. 


e CONTINUOUS reading over full 
pH range with no changes of solu- 
tions or adjustments. 


REVOLUTIONARY, PROBE UNIT 


PROVIDES ON-THE-SPOT 
pH READINGS ANYWHERE 


ELIMINATES supports, tm 
holders, beakers, and > 
seporate electrodes. 


ELIMINATES trips 
to the laboratory. — 
Completely self- 
contained in 
water-proof, ever-ready case with 
shoulder strap. 

PRICE $125.00 
Instrument size: 3 x 5% x 2% inches 
Case size: 3% x 6% x 4% inches 
Weight with accessories: 3 Ibs. 


ANALYTICAL 
MEASUREMENTS 


Lee 
| 
| 
! 
Vol. 48,.No.5 Poge 
- 


ROD MILL. . .? 


In selecting a 
GRINDING MILL 
you should check... . 


1. 


Mechanical construction 
Ease of repairing 

. Dead load weight 

. Points of greatest wear 
. Bearing friction 

. Mill leakage 

. Floor space required 


. Classifier closed circuit 
arrangements 


. Power consumption 
. Ball or rod consumption 
Grinding cost per ton 


After you hove carefully checked these points 
for all mills—you will find that Hardinge Mills 
are your best buy. 


HARDINGE 


cOmMPAWNY 


YORK, PENNSYLVANIA — 240 Arch St. Main Office and Works 
EW YORK 17 © SAN FRANCISCO © CHICAGO 6 © HIRBING MINN TORONTO 
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PEOPLE 


(Continued from page 69) 


G.F. Kline F.C.Cunningham M. J. Gould 


The Vulcan Copper & Supply Co., 
Cincinnati, Ohio, recently announced 
three appointments to key positions : 

Merle L. Gould as chief development 
engineer; George F. Kline as project 


| engineer, and F. Corson Cunningham as 


process engineer. 

Mr. Gould is a graduate of the Uni- 
versity of Nebraska, and for the past 
nine years, has been associated with the 
Shell Development Co., at Emeryville, 
Calif. Mr. Gould is heading up the de- 
velopment department of Vulcan engi- 
neering division. Mr. Kline has been 


| associated with several companies in the 


| degree in chemical engineering 


| chemical industry over the past ten 
years, including a period at the Atomic 


Energy Commission’s installation at Oak 
Ridge, Tenn. He received his bachelor’s 
from 
Cooper Union College and his master’s 
degree from New York University. Mr. 


| Kline is a group leader on engineering 
| products in the process engineering de- 


partment. Mr. Cunningham has just 


| completed work for a Ph.D. degree in 


chemical engineering from Yale Univer- 


sity and is carrying out chemical plant | 
| design assignments as a member of the | 
| process engineering department. 
| Cunningham 
| Chemical 


was associated with the 
Construction Corp., New 
York, for several years. During World 
War II he served as a fighter pilot with 
the Air Force. 


Robert Treat, Jr., of General Elec- 
tric, has recently been made superv:sor 
of customer service at the company’s 
chemical division silicone plant at 
Waterford, N. Y. Previously he was a 
research assistant and later was 
signed to pilot plant work on silicones. 


He was named a technical supervisor | 
at the Waterford plant (1947), pro- | 
moted to general foreman (1948) and | 
named supervisor of product service | 


(1950). Following graduation from 
M.L.T. he was employed by the Good- 
year Tire & Rubber Co. as a technical 
superintendent. 


Alfred S. King, formerly affiliated 
with the Houdry Process Corp., Phila- 
delphia, Pa., is now in charge of tech- 
nical sales-service for the Wilson Meyer 
Co., San Francisco, Calif. 
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New Merc-O-Pump 
gives constant, positive 
action employing a 
column of mer- 
cury as the liq- 
vid mover. Cuts 
operating costs and 
downtime. Air or steam 
operated. Rate: 3 gal- 
lons to 30 gallons per 
hour. Rate variable 
over entire range by 
external adjust- 
ment. Low initial 

cost. 


INSTRUMENTS, INC. 


122 N. Madison Tulsa 6, Okla 


MARTINDALE 
PROTECTIVE MASKS 


>. 
| 
PLACE HEAD- 

WEL 

uP AROUND 

HEAD TO KEEP 

From 

PING DOWN 


| 
PRESS EDGES, 

OF FACE PLATE 
DOWN TO FIT 
FACE SMUGLY 


These light-weight aluminum masks 
provide protection against over 400 
dusts such as wood, coal, lime, salt, 
cement, grain, rust, paper, textiles, 
some insecticides, paint spray from 
non-toxic paints, etc. 

Pads can be changed in a few seconds. 
Only clean gauze touches the skin. 
to wear. Workers like 
t 


Martindale Protective Masks....$.30 ea. 
No. 1 Refills (Standard weight) .02 ea. 
No. 2 Refills (Heavyweight) .024¢ ea. 


Write for quantity discounts 


MARTINDALE ELECTRIC CO. 
1322 Hird Ave., 


CLEVELAND 7, OHIO 
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Robert J. Wolf has recently been ap- 
pointed manager of the sales develop- 
ment laboratory of B. F. Goodrich 
Chemical Co., Cleveland, Ohio. After 
receiving his Ph.D. in chemical engi- 
neering from Case Institute of Tech- 
nology, Dr. Wolf taught at Princeton 
University prior to serving three and a 
half years with the Navy. 


Louis T. Lanz, a research chemical 
engineer with Monsanto Chemical Co., 
has been named assistant to B. E. 
Thomas in the organic chemicals divi- 
sion’s technical personnel procurement 


program. He received his B.S. degree | 


in chemical engineering from the Uni- 
versity of Wisconsin afid immediately 
joined Monsanto. Before assuming his 
present duties in the St. Louis research 
laboratories he held several administra- 
tive positions at the company’s Wil- 
liam G. Krummrich plant in “Monsanto, 
Ill, and at the company’s central re- 
search department in Dayton, Ohio. 


David B. Ardern has recently been | 


put in charge of technical service at 
Houdry Process Corp. He joined the 
corporation in 1942 and has been en- 
gaged primarily in process design, con- 


centrating on the commercial design of | 


Houdriflow moving-bed catalytic crack- 
ing reforming of petroleum naphthas to 
aromatics and high octane gasolines. He 
received his B.S. and M.S. degrees in 
chemical engineering from the Univer- 
sity of Louisville. 


Richard H. Wilhelm, professor of | 


chemical engineering at Princeton 
(N. J.) University, and Walter Whit- 
man, on loan to the government from 
M.I1.T. where he is head of the depart- 
ment of engineering, were among the 
civilians who witnessed the demonstra- 
tion of the new chemical corps muni- 
tions and battlefield techniques shown 
at the Army Chemical Center, Md. 


Henry L. Cox was recently elected 
vice-president in charge of the chemical 
division, at Argo, 
IIL, by the board of 
directors of Corn 
Products Refining 
Co. Before joining 
Corn Products in 
1944, Dr. Cox had 
been associated 
with several large 


concerns, and Mel- 
lon Institute. Dur- 


food and industrial | 


ing World War II, on loan from the | 


Carbide and Carbon Chemicals Co., he 
served with the Rubber Reserve Corp. 
at Washington, D. C. 

A graduate of the University of 
North Carolina (B.S. chemical engi- 
neering) and the University of Chicago 
(Ph.D.), Dr. Cox is known for his in- 
terest in the making of synthetic gems. 

(More About People on page 74) 
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THE SERVALL 
ANGLE 


Maximum speed 13,500 r.p.m. or R.C.F. 
23,000 x G. Maximum capacity 8 x 50ce 


Accepted and acclaimed by scientists throughout 
the world for its durability, safety features, smooth 
performance and efficiency. Our years of experience 
and our pioneering of the high speed angle centri- 
fuges guarantee their continued superiority. Write for 
Booklet CEP-51. 


One of 11 models for different volumes and speeds. 
Refrigerated for special purposes. 


ime. 


210 FIFTH AVENUE, NEW YORK 10, N. Y. 


Well-Known Processor 


uts 37% More Thru Cookers | 

; With Nicholson Steam Traps 

a leading drug manufacturer found that a recent Nicholson thermostatic steam ; 

trap i ) hanical type, so cut kettle time that their pro- ? 
duction was 37 , for Nicholson's faster heat 


transfer: operate on lowest ibe differential; 2 to 6 times 
average drainage capacity; maximum air venting. 


5 TYPES — size 4" to 2"; 
press. to 250 Ibs. BULLETIN 152 


HIGH-PRESSURE FLOATS — Stainless, monel, 
steel or plated steel. Welded. In all sizes and 
shapes; for operating mechanisms and os tanks 
or vessels. Quick delivery. BULLETIN 650 


214 OREGON ST., WILKES-BARRE, PA. 


NICHOLSON 


TRAPS VALVES: FLOATS 
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CLASSIFIED SECTION AEROJET ENGINEERING 


CORPORATION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in World's Largest Rocket Plant 
advance, and are placed at |5c a word, with a minimum of four lines accepted. Box number lizin 
counts as two words. Advertisements average about six a a i on my of and Specializing in 
American Institute of Chemical Engineers in good standing are allowed one six-line insertion 
(about 36 words) free of year. More than one to ROCKET PROPULSION 
made at half rates. In using the Classified Section of Chemical Engineering Progress it is 
agreed by prospective employers and employees that all communications will be acknow!l- DESIGN, DEVELOPMENT 
edged, and the service is made available on that condition. Boxed advertisements are available AND PRODUCTION 
at $15 per inch Size of type may be specified by advertiser. In answering advertisements all Is accepting applications for Chemical 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, Engineers with advanced degrees, for 
120 East 41st Street. New York 17, N. Y. Telephone ORegon 9.1560. Advertisements for this analytical studies in interior ballistics, 
section should be in the editorial! offices the 15th of the month preceding the issue in which heat-transfer, and thermodynamics. 
it is to appear Chemical Engineers with sound expe- 
rience in pilot plant and process de 
velopment. 
Mechanical Engineers, with aircraft de- 
sign experience, and familiarity with 
stress and heat-transfer calculations 
Aerodynamics Engineers or Physicists 
with extensive mathematical backgrounds 
SITUATIONS OPEN for investigations in acoustics and in- 
terior ballistics. 
Give full particulars in first letter in- 
cluding education, scholastic record, ex- 
perience, references, salary received and 
salary expected Applications will be 
held in strict confidence. 


V { S Cc Oo 5 E E N G { N EE RK Aerojet Engineering Corporation 
P. O. Box 296, AZUSA, CALIF. 
Division of 
National organization seeks capable graduate engineer THE GENERAL TIRE AND RUBBER CO. 
with experience in viscose rayon manufacture or re- 
lated experience. Headquarters New York. Salary open. 


CHEMICAL Challenging po- 
i i ition f n wit cept 1 ability. i 
Send complete resumé including age and salary data. 
rience to supervise production for estab- 
Box CEP 698, 221 w. 41 St., N. Y. . 18 lished organic chemicals manufacturer. 
— fa including recent photograph 
ox 6-5. 


EASTERN ENGINEERING COLLEGE -Seeks 
additional chemical engineering staff for 
unit operations, process instrumentation, 
thermodynamics or design courses. Rank 

and experience. Box 7 


CHEMICAL ENGINEER sll 
CHEMICAL ENGINEERS CHEMICAL | ENGINEERING ASSISTANT 


- or accredited West Coast 
~y SS ee school. Recent Ph.D. preferred, but will 
CHEMISTS Work consider others. Salary—-$4600 for ten 
Unusual opportunities in petro- ganics and inorganics. Minimum of months beginning September, 1952. Box 8-5. 
nomics! ind ten years’ industrial experience is 
chemical industry. essential. Position requires imagina- CHEMICAL ENGINEERS—-For process engi- 
tion tempered by realities of chemical neering work in our antibiotic manufactur- 
engineering practice. Midwestern lo- ing plant. Prefer two to ten years’ indus- 
CHEMICAL ENGINEERS cation trial experience. Submit résumé and salary 
In please state qualifications and c Personnel 
Graduates having minimum two years salary expectations. Box 3-5 jane ten 8 orporation. Route No. |, 
process design with major oil refiner, 
chemical company or contractor for 
process investigations and job engineer- 
ing SALES ENGINEER—Fast growing, progress- inia Research 
ive company in eastern Pennsylvania re- 
quires services of energetic sales and de- 
velopment engineer to assist in develop- o— = 
EMICAL ENGINEER ment of petrochemical sales. Must have Assistant Professor of Chemical ~;~~ 
(R h) good record of personal sales and adminis- we.’ h.D. desired. for ee be sates 
further executive advancement. This is an 
Graduate with two to three years’ expe- unusual opportunity for a man who thrives = ree ~ t con ber 1952 Box 
rience in pilot plant, production or proc- on hard work and success. Write letter a ee eee 
ess design for process development work giving complete history together with emall 
snapshot (not returnable). Write Box 4-5. 


CHEMISTS — CHEMICAL 


CHEMICAL SALES CHEMICAL ENGINEER 
TRAINEES 


Graduates in chemistry or chemical engi- If you want to be a chemical sales- 
neering, with chemical sales experience man, are not over 26 years old, and 
for sale of organic chemicals to indus- have two years or more experience industrial chemical plants. Duties in- 
trial consumers. or training beyond a bachelor’s degree volve report writing, economic studies 
in chemistry or chemical engineering, and supervision of development of 
° we would like to have you send us projects from pilot plants to produc 
Submit Résumé your photo and a résumé. We are a tion units. Some sales and business 
prominent manufacturer of organic experience desirable. This is a per- 
- chemicals and are expanding our sales manent staff position, salary com- 
Jefferson Chemical Company Inc force. Men selected will be trained in mensurate with experience and ability. 

’ ” our plant and laboratories and in our Please submit résumé including edu- 


. sales offices before being assigned to cation, experience and salary desired. 
711 Fifth Ave., New York 22, N. Y. actual selling. Reply to Box 5-5. Box 10-5. 


Established engineering and construc- 
tion firm seeks graduate chemical en- 
gineer with fifteen to twenty years 
experience in project management of 
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SALES ENGINEER WANTED 


To Sell Chemical Process 
Equipment 


A chemical engineer or with equivalent 
knowledge — experienced in _ selling 
chemical process equipment. A won 
derful opportunity to eventually head 
up sales department of large Cin- 
cinnati, Ohio, company. Must be able 
to travel. Salary plus commission. 
Write previous experience, qualifica 
tions, enclose photo if possible. Replies 
confidential 


ADDRESS BOX 31-5 


CHEMICAL ENGINEER—Fourteen years’ pro 
gressive experience process development, 
evaluation and design, technical sales and 
process equipment design Industrial ex- 
perience: petroleum refinin sugar and 
paper production, compresse "and liquefied 
as production and distribution. Advanced 


legrees. Publications. Age 38. Desire re- 
aqeaeitte position N. Y.-N. J. area. Box 
13-5. 


CHEMICAL ENGINEEK-B.S.. Tau Beta Pi, 
family. One year of process enginecring 
experience in synthetic organic chemicals 
Desire production engineering work with 
progressive company manufacturing chemi 
cals in tonnage lots. Box 15-5 


PROCESS ENGINEER MChE. 1947. 
years’ experience in development, process 
design, project engineering. Engineer in 


Training——New York State. Age 27, sin 
Process or survey position desired Box 
16-5 


SALES-ENGINEER 
NEW YORK DISTRICT OFFICE 
Cc. F. BRAUN & CO. 


We need a graduate chemical engineer 
with at least five years experience in 
Oil Refining. To this man we offer a 
responsible, interesting. and rewarding 
position as a member of our New York 
Office Staff. The work entails some 
travel. The compensation is straight 
salary and expenses. And the future 
is limited only by the man's own 
ability to produce 

The man we need has technical ability, 
plus a good personality. On the tech 
nical side, our man has a thorough 
knowledge of heat-transfer, fractiona 
and of refinery process-design 
knowledge must be based on 
exper.ence On the personal 
is between 26 and 35 years 
old. He is aggressive. He's friendly. 
and likes to meet new people. And he 
is sincerely interested in a permanent 
career in sales-engineering with one 
of the top Companies in its field 


If you believe youre fully qualified, 
lease write to us at 630 Fifth Avenue, 


New York 20, New York. We'll ac 
knowledge your letter, and interview 
all qualified men. We'll respect your 


Please do not phone, or 
such application 


confidence 
call in person. No 
will be considered 


SITUATIONS WANTED 
A.1.Ch.E. Members 


CHEMICAL ENGINEER — Experienced in 
handling design and erection for the com- 
plete pliant as project engineer. Bulk of 
experience in detergents, pharmaceuticals, 
and organic chemicals. Seeking position as 
chief engineer. New York area. Box 

CHEMICAL PROCESS ENGINEER—B.Ch.E 
Age 33. Eleven years’ experience in process 
design and plant development work in 
petrochemical, butadiene, ammonia, and 
nitrogenous fertilizer plants where know!l- 
edge of distillation, thermodynamics, ab- 
sorption, heat transfer, etc., were required 
Exceptionally well qualified through previ- 
ous positions for economic evaluation of 
and development engineering for new 
projects. Present salary $10,000. Desire 
engineering position with small or medium- 
sized organic chemical or petroleum refin 
ing operating cor company Box 2-5 


Ch.E. Licensed, with over twenty years’ 
substantial management experience in pro- 
duction and engineering of caustic/chlorine 
and organic operations. Seeking connec- 
tion with broad responsibilities. Box 11-5. 


ay ENGINEER—B.Ch.E., June. 1950. 
Age 26. single. Eighteen months’ design 
work experience. Desire work in produc 
tion or development. Box i2 5 


CHEMICAL ENGINEER —Twelve years’ expe- 
rience research and development, chiefly 
organic chlorine compounds. Desire re- 
sponsible job in development work. North- 
east preferred, but not essential. Box 14-5 


Vol. 48, No. 5 


CHEMICAL ENGINEER — Diversified 
rience in process design, development 
project engineering, process evaluation, 
management engineering, and production 
supervision. Desire challenging work with 
administrative potential. Box 17-5 


expe- 


CHEMICAL ENGINEER—BCh.E. 1950. 24, 
single. Desire position in chemical engi 
neering aspects of equipment design. Two 
years’ experience mechanical design and 


pressure vessels and storage 
18-5 


drafting of 
tanks. Box 


CHEMICAL ENGINEER.-MS. 34 Twelve 
years diversified process engineering expe 
rience all phases petroleum refining, in 
cluding technical service in operation of 
plant equipment, development of process 
studies and design Prefer Northeastern 
location. Box 19-5 

1946, MS 
California. 


ENGINEER B.S. 
51, University of Southern 
ho 26 Married. Diversified experience 
in production and pilot plant operation 
Responsible. Production or design work 
desirable. Prefer West Coast ~ South 
western location. Alien. Box 20.5 
CHEMICAL ENGINEER 
married. Three years’ diversified experience 
in process and product development, pro- 
duction supervision, quality control, some 
technical service. Desire position with pro 
gressive company in technical sales or pro- 
duction. Box 21-5 


Purdue 1949. 286, 


CHEMICAL ENGINEER, PROCESS OR DE- 
VELOPMENT —-M.S. Registered, ten years 
experience college teaching, development 
and process control. Desire opportunity to 
utilize experience in responsible postion 
leading to technical management 35. 
family. Western location preferred, avail 
able June. Box 22- 


CHEMICAL ENGINEER—Two and a half 
years’ development and pilot plant expe 
rience. Married, age 26. Desire position 
preferably in the Southwest _Bes 23-5. 


CHEMICAL ENGINEER — B.Ch E 29, married, 


two children. Eight years’ experience in 
development and production of synthetic 
resins and acrylic fibers. k responsible 
position in fibers field. Eastern location 
preferred. Box 24-5. 

CHEMICAL ENGINEER — Seeking employ 
ment in Western Europe. B.S. 33, married, 


family. Eleven years’ research and pro 
duction experience, publications and pat- 
ents. Strong plant operating background 
Will accept long term contract. Full in 
formation supplied on request. Box 25-5 


RESEARCH ENGINEER--Chemist, chemicai 
engineer, metallurgist, B.A. in Liberal Arts, 
M.S. in Chemistry, twenty years’ diversified 
experience including twelve as chief chem- 
ist for large public utility. Seek position 
as Director of Research, Chief Engineer, 

* ete. Box 26-5 


CHEMICAL ENGINEER—-B.S. Ch.E. 1947. Age 
31, single. Four years’ experience in pilot 
plant work. Experienced in handling plant 
personnel. Desire work in operations or 
development. Prefer Midwest, Southwest 
or West location. Box 27-5. 


(Continued on page 74) 
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1. contamination proof. 


2. Correct mis-alignment. 


3. ‘pipe-line expansion 


Chemiseal Expansion Joints, 
fabricated from Teflon” by o 
special United States Gasket 
Company process, will handle 
all fluids that gloss or other 
chemical resistant piping and 

quip t con hondle, with- 
out corrosion, contamination, 
danger of leaking or bursting. 


Designed for 25 Ib. pressure 
and temperaturesfrom—110°F. 
to 500°F., there ore types for 
conical-end glass fittings, glass 
lined assemblies and for 
standard 125 Ib. or 150 Ib. 
AS.M.E. integrally-gasketed 
flanges. Ask for catalog No. 
212. For special conditions 
supply pertinent data. 


Fluorocarbon Products Division 


f 


UNITED STATES 
GASKET CO. 


- hemical and 
Absorb vibration and 
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CAMDEN 1, NEW JERSEY 
FABRICATORS OF “TEFLON”, “KELP” 
AND OTHER FLUOROCARBON PLASTICS 
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SAVE MONEY! 


STOP COSTLY WORK 
CLOTHES REPLACEMENTS 
Worklon Industrial Apparel 
RESIST ACIDS AND CHEMICALS 
Outwear cotton and wool 13 to 1 


West 28th St., New York 1, N.Y. 


FREE CATALOG of Industrial Appore! of 
DuPont acrylic fabric. 


RCOID: 
She Choice of 


Gxperrenced 
Gngineers 
IT'S THE MERCURY SWITCH THAT 


DISTINGUISHES MERCOID FROM 
THE AVERAGE LINE OF CONTROLS 
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* QUALITY 
ACCURACY 
OURABILITY 
PERFORMANCE 
DEPENDABILITY 
AFETY FEATURES 
EASY INSTALLATION 

JSTMENTS 


D WIRING 


+ THE MERCOID CORPORATIO 
* 4201 BELMONT AVE. CHICAGO 41 a 
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CLASSIFIED SECTION 
(Continued from page shine 


CHEMICAL. ENGINEER—Nine years’ process 
engineering experience with gasoline de- 
—- of major independent oil company. 

sire to affiliate with medium sized com- 
pany as supervisor of operations or techni- 
cal assistant to su 
or petrochemical 
30. Middle West 


of gasoline 
or refinery. Mar- 
st or West Coast. Box 


PROCESS ENGINEER—B.ChE. except for 
thesis. Ten years research, development, 
design, pilot plant, production. Thorough 
knowled of plastics, polymers, latex, or- 
ganic chemicals. ‘ermanent, responsible 
position desired with growing concern in 
design, production, or researc Box 29-5. 


| CHEMICAL ENGINEER—26, B.S. 1946. Four 
years design. operation, and development 
on coal synthesis gas pilot plants; labora- 
tory and field scale. Two years plastics 
evaluation. Publications. Army Discharge 
early September. Prefer development or 
production. Box 30-5. 


PEOPLE 
(Continued from page 71) 

SOMOGYI SUCCEEDS 
MATTHEWS AT MONSANTO 

Erwin G. Somogyi, now serving as 
associate research director of Monsanto 
Chemical Co.'s plastics division, has 
been appointed director of research for 
the company’s Merrimac division. He 
succeeds Frederic L. Matthews of 
| Winchester, Mass., who resigned to be- 
come technical director of the research 
section of the Socony-Vacuum Co.'s re- 
search and development laboratory in 
N., J. 

Born in Budapest, Hungary, Somogyi 
came to the United States in 1923. He 
was graduated from Michigan Univer- 
| ley, where he received a B.S. degree 
in chemical engineering in 1935. 

Somogyi joined Monsanto in 1935 and 


| was assigned to the control laboratory 


of the company’s organic chemicals di- 
vision in St Louis. 

Henry Wessel is now with the Mid- 
west Research Institute, Kansas City, 
Mo. He was formerly with Monsanto 
Chemical Co. He received his B.S. de- 
gree in chemical engineering from IIli- 
nois Institute of Technology. 

Walter Lapple, fo: merly 
Dorr Co., Westport, Conn., is now with 
Midwest Research Institute, Kansas 
City, Mo. He received his B.S. degree 
in chemical engineering from Cooper 
Union. 

D. H. McCondichie, affiliated with 
Merck & Co., Inc., since 1951 as a chemi- 
cal engineer, has been appointed plant 
engineer of the new Flint River plant, 
Elkton, Va. Previously he was senior 
standards engineer in the industrial 
engineering department, chief of the 


with the 


standards section in the same depart- 
ment, and then field project engineer in 
| charge of the construction of the Flint 
| River Plant. He received his B.S. de- 
| gree in chemical engineering from the 
| University of Alabama. 
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Louis F. Ray, of Chemstrand Corp.’s 
new nylon plant at Pensacola, Fla., has 
been appointed superintendent of Inter- 
mediates. Prior to his association with 
Chemstrand in 1951, he was affiliated 
with Monsanto Chemical Co. in super- 
visory capacities from 1939 to 1951. He 
received his B.S. degree from St. Louis 
University. 

L. E. Dequine, Jr., has recently been 
appointed plant engineer of the Chem- 
strand Corp.’s nylon plant now under 
construction at Pensacola, Fla. Before 
joining Chemstrand in June, 1951, he 
was chief engineer for nine years at 
American Bemberg division of Beaunit 
Mills, Inc., Elizabethton, Tenn. He re- 
ceived his B.S. degree in chemical en- 
gineering from the University of Wis- 
consin in 1935. 

W. E. Kennel has been appointed 
group leader in the process economics 
section of the process division at Stand- 
ard Oil Co. (Ind.). He became asso- 
ciated with the company in 1948 as a 
chemical engineer. He did his under- 
graduate work at the University of Illi- 
nois and received a Ph.D. degree from 
M.L.T. 


L. W. Russum of Standard Oil Co. 
(Ind.) has been made section leader 
heading the process economics section 
of the process division. He joined 
Standard in 1947 as a chemical engineer 
and became group leader in 1948. He is 
a graduate of the University of Arkansas 
and received his doctor’s degree from 
M.LT. 


E. W. Kane, of Standard Oil Co. 
(Ind.), has recently been promoted to 
group leader in the process economics 
section of the process division. He joined 
the company in 1947 as a chemical engi- 
neer. He graduated from Case Institute 
and received his master’s degree from 
M.LT. 


Necrology 


F. C. BOWMAN 


Frederic Charles Bowman. director of 
research, A. R. Maas Chemical Co., Los 
Angeles, Calif., since 1928, died recently. 
A graduate of the University of To- 
ronto, Mr. Bowman first served the 
Canada Chemical Co., London (Ont.) 
Canada, as assistant chemist and subse- 
quently was assistant chemist of the 
General Chemical Co., New York. After 
a period of three years as chemist with 
the Nichols Chemical Co., in Sulphide 
(Ont.), Can., he returned to the General 
Chemical Co. where he remained for 
some twelve years. For Maas he also 
gave part time to general consulting 
work on numerous short problems in- 
volving economics, patent law, sales 
policies, legal chemistry, etc. 


May, 1952 


| 
| 
| 
| 
they're DuPont Orlon | 

. new acrylic fiber; fabric by Travis 
on 
© Resist acid and chemical 
deterioration 
if @ Launder and dry quickly, 
retain crease with little 
of no ironing 
| 
| 
: 
: 
| 
, 
S 
| 
: 
: 
7 
a” : 
7 erature. Presture Liquid 


Carbide & Carbon Chemicals Co., A Division 
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Louisville Drying Machinery Unit, 
General American Transportation Corp... 76 
lummus Co. 29 


TANKOMETER 


FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 


HYDROSTATIC 
GAUGES 


FOR ALL PURPOSES 


DEPTH & ABSOLUTE PRESSURE 
BAROMETRIC PRESSURE 


DIFFERENTIAL PRESSURE 
SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. ni. 


STRATOSPHERE PRESSURES 


. U. S. Government Research maintains 
a wind tunnel at the University of Cali- 
fornia for testing parts of airplanes and 
rockets. In this tunnel, altitudes up to 75 ~ 
miles in the stratosphere are duplicated 
by a five stage Evactor, a steam jet vac- 


uum-producing unit designed and built 
by Croll-Reynolds to work in the range 
of a few microns of mercury absolute. 

Croll-Reynolds five stage Evactors are 
built in various sizes, the smallest of 
which handles many times the volume 
of the largest mechanical vacuum pump. 
The same careful work and precision 
which produced these five stage units goes into every C-R Evactor 
from the one stager yielding a pressure of four or five inches of mercury 
absolute to the four stage unit designed for work in the range of 0.15 
to 3.0 mm. of mercury absolute. 

Many thousands of Croll-Reynolds Evactors are in regular operation, 
some of them for over 30 years. They are installed in every state of 
the U. S. and in many foreign countries. Let our technical staff help 
you with your vacuum problems, including flash cooling of water and 
aqueous solutions. Please address Dept. A. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 
17 John Street, New York 38, N. Y. 
Steam Jet Vactors 


a 


REYNOLDS Chill-Voctors 
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Customer report ona 
Louisville Dryer... 


See Louisville 


DRYING =. yer which was recently manufactu y your 


_ ENGINEERING 


that all reports from our engineers and operators 
indicate this to be the finest fabricating 

job in their memory. 

“The outstanding quality on the fabricating jobs 
on these difficult pieces of equipment is 

certainly the finest type of advertising your 
company could have.” 


‘" plant at Sharon (Pa.) is in operation and 


This is it... the largest steam sie flit 


tube dryer ever built! : 


Its cylinder alone is 10’ in diameter by 100’ in length. It is one of four 
ordered by this customer . . . proof he believes in Louisville Dryers! 


Proof furthermore of his satisfaction with the performance for more 


than 20 years of his present Louisville Dryers. 


Louisville Drying Machinery Unit 
Write for new treatise on Over 50 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 
Dryer Sales Office: 139 So. Fourth St., Louisville 2, Ky. 

Other General American Equipment: General Offices: 135 So. La Salle St., Chicago 90, Il. 

Turbo-Mixers, Evaporators, Dewaterers, = principal Lid. 
Towers, Tanks, Bins, Filters, Pressure Vessels Kingston, Ontario 


Rotary Dryers 
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Volume Pumping 


This is 
Controlled 


Continuous blending of 
four component wood 
stain colors in pre- 
determined quan- 

tities to produce a 
finished wood 
stain precisely 
color-consistent 


in successive 


batches. 


At The Gilbert Spruance Company, 
well-known Philadelphia paint 
manufacturers, four of the Milton 
Roy Motor-Driven Controlled 
Volume Simplex Pumps illus- 
trated are components of a Milton 
Roy blending system used to meter 
precise quantities of four primary 
wood stain colors in streams to a 
blending tank. The continuous 
controlled volume feeding results 
in uniform blending of the com- 
ponents; assures rigid Consistency 
in color among successive batches 
of the blended product; eliminates 
occasional color variations and 
waste which would be encountered 
in blending by hand methods. Two 
of the pumps feed 634 gallons per 


‘ 


- 


| 


O 


hour each of two colors; the other 
two 20 gallons per hour each of 
the other two colors. Pressures 
are 15 psi. 


Continuous or intermittent Milton 
Roy formulation and control 
equipment of this type effects genu- 
ine economies applied wherever 
precision liquid component blend- 
ing is encountered. Costly varia- 
tions in formulae are eliminated 
by holding to an accurate delivery 
of a fraction of one per cent for 
most applications. As air-powered 
or motor-driven units, as Compo- 
nents of automatic systems com- 
plete with a variety of automatic 
controls and accessory equipment, 
Milton Roy Controlled Volume 


CONTROLLED VOLUME PUMPS 


1379 EAST MERMAID LANE, 


ILTON ROY AUTOMATIC BLENDING SYSTEM DOES THE JOB 


Pumps give an assured accuracy 
and uniformity of product often 
impossible to obtain by any other 
method. Necessary changes in for- 
mulae can be accomplished quickly 
and accurately by a variety of con- 
trols. Capacities range from 4 
milliliters per hour to about 50 
gallons per minute, against pres- 
sures to 25,000 pounds per square 
inch. Practically any liquid—slur- 
ries, suspensions of solids, viscous 
or corrosive chemicals, tars, 
sludges—can be handled with 
equal, precise, efhciency. 


For detailed information, call the 
Milton Roy representative listed 
in your Classified telephone direc- 
tory. Or write us direct. 


COMPANY 


PHILADELPHIA 18, PA 


AND AUTOMATIC CHEMICAL FEED SYSTEMS 
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Long shafts permit the use of deep (8’8”) tanks 
for most efficient reaction. 


a 

history 


) 
in product (soy 
ot Ser hydration. 


These Mixers--- 


Have Been Doing the Job 
Right for Over 10 Years! 


“Our LIGHTNIN Mixers were installed in 1941. They've 
been doing an excellent jobever since," says Dr. J.M. Perri, LIGHTNI N case 
: plant superintendent, National Foam System, Inc., 
= West Chester, Pa. National Foam uses a battery of OPERATION: 
eight 1-HP LIGHTNIN Mixers in the manufacture of 
its AER-O-FOAM fire-fighting compound. 

Dr. Perri goes on to say, “LIGHTNIN Mixers have 
proved easy to install. They have been practically free 
of mechanical troubles, and their long shafts permit us 
touse deep reaction tanks for most efficient processing.” 

If your requirements call for fluid agitation, consult 
Mixco. We have the research and engineering facilities 
to accurately predict processing results—and we'll abso- 
lutely guarantee those results with LiGHTNIN Mixers. 
Write us about your requirements, 


Reactio 
with lime 4 


stainless steel 96" 
open top and dish bo 


to heat batch to 


neight. 


200°F. 
Two steam coils 


HEATING: 


One ‘hour (approx. ) 
one 1-HP LIGHTNIN Port 


able Mixer. 


User has 

TISFACTORY - 
these mixers for more 


MIXING EQUIPMENT Co., Inc. 


199 Mt. Read Blvd., Rochester 11, N. Y. 
In Canada: William & J. G. Greey, Ltd., Toronto 

Please send me the bulletins checked: 

C) B-102 Top Entering Mixers () B-100 Condensed Catalog 


(turbine and paddle types) (complete line) 
©) 8-78 Top Entering Mixers [) B-75 Portable Mixers t 

(propeller type) (electric and air driven) 
8-76 Side Entering Mixers () DH-50 Laboratory Mixers 
Company 
Address 

PORTABLE SIDE ENTERING TOP ENTERING 

Zone State Ve to 3 HP to 25 HP 1 to 500 HP 


| 
5300 gal 
: 
4 
t 


